Er} re 


Someday all terminals will be smart....... 


@ 128 Functions—software controlled @ 82 x 16 or 92 x 22 format—plus graphics 
@ 7x 12 matrix, upper/lower case letters @ Printer output port 
@ 50 to 38,400 baud—selectable @ “CHERRY” keyboard 

CT-82 Intelligent Terminal, assembled and tested. ...... $795.00 ppd in Cont. U.S. 


SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
= SAN ANTONIO, TEXAS 78216 
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Modal Z-2 
Up to 512K of RAM/ROM 


Model 2-20 
‘One or two disks 
Up to 612K of RAM/ROM 
Up to 784K of disk 


System Two 
Dual disk 
Up io 612K of RAM/ROM 
Up ta 184K af disk 


Fill your computer needs 


with the industry’s 


most professional microcomputers 


#1 IN RELIABILITY 


When you choose Cromemco you 
get not only the industry's finest 
microcomputers but also the indus- 
try's widest microcomputer selec- 
tion. 

What’s more, you get a computer 
from the manufacturer that compu- 
ter dealers rate #1 in product re- 
liability.* 

Your range of choice includes 
our advanced System Three with 
up to four 8” disk drives. Or choose 
from the System Two and Z-2D with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com- 
puters further offers up to Y2 mega- 
byte of RAM (or ROM). 

We say these are the industry's 
most professional microcomputers 
because they have outstanding fea- 
tures like these: 


e Z-80A microprocessor — oper- 
ates at 250 nanosecond cycle 
time — nearly twice the speed of 
most others. 


“Rated in The 1977 Computer Store 


Survey by Image Resources, Westlake 
Village, CA. 


Circle 80 on inquiry card. 


Cromem 


Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 


System Three 
Two to tour disks 
Up to 512K of RAM/AOM 
Up to 1 megabyle of disk 


e 30-amp power supply — more 
than adequate for your most 
demanding application. 

e 21 card slots to allow for un- 
paralleled system expansion us- 
ing industry-standard $-100 
cards. 

e =§-100 bus — don’t overiook how 
important this is. It has the in- 
dustry's widest support and Cro- 
memco has professionally imple- 
mented it in a fully-shielded 


Specialists In computers and peripherals 


xe 


e Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys- 
tems, and data acquisition in- 
cluding cards for A-D and D-A 
conversion, for interfacing daisy- 
wheel or dot-matrix printers, even 
a card for programming PROMs. 

+ The industry’s most professional 
software support, including 
COBOL, FORTRAN IV, RATFOR, 
16K Disk-Extended BASIC, Z-80 
Macro Assembler, Cromemco 
Multi-User BASIC, Data Base 
Management System, Word Proc- 
essing System — and more com- 


ing. 

e Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cabi- 
nets available. 


FOR TODAY AND TOMORROW 

Cromemco computers will meet 
your needs now and in the future 
because of their unquestioned tech- 
nical leadership, professionalism 
and enormous expandability. 

See them today at your dealer. 

There's no substitute for getting 
the best. 


280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 a (415) 964-7400 
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Parallel 
1/0 Port #1 
\ 


Parallel 
1/0 Port #2 


Parallel 
1/0 Port #3 


RS-232 or 
Current Loop 
1/0 Port #4 
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The single card computer 
with the features 
-that help you in real life 


EASY TO USE 

Another convenience that makes the 
Model SCC computer easy to use is our 
Z-80 monitor and 3K Control BASIC {in 
you're ready to go. The monitor gives 
you 12 commands. The BASIC, with 36 
commands/functions, will directly ac- 
cess I/O ports and memory locations — 
and call machine language subroutines. 
Finally, to simplify things to the ulti- 
mate, we even have convenient card 
card cages. They hold 


cages. Rugged 
-cards firmly. No jiggling out of sockets. 


AVAILABLE NOW/LOW PRICE 
The Cromemco Model SCC is avail- 
able now at a low price of only $450 
factory assembled ($395 kit). 
So act today. Get this high-capability 
computer working for you right away. 


280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 » (415) 964-7400 
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Volume 4, Numba: 


Foreground 


56 BUILD A COMPUTER CONTROLLED SECURITY SYSTEM FOR YOUR HOME, by Steve Ciarcia 
Protecting your home with your personal computer—Part 1 of a 3 part series 


~ 


84 A COMPUTERIZED MAILING LIST, by Thomas E Doyle 
A practical application for your floppy disk computer system 


90 LIFE ALGORITHMS, by Mark D Niemiec 
Efficient methods for programming John Conway's game of Life 


104 POLYPHONY MADE EASY, by Steven K Roberts 
Play chords instead of just single notes with your computer 


186 AN AUDIBLE LOGIC TEST PROBE, by James L Woodward 
Change voltage levels to musical tones for quick troubleshooting 


190 HISTORY OF COMPUTERS: The IBM 704, by Keith S Reid-Green 
Concerning one of the last vacuum tube computers 


Background 


14 A MICROPROCESSOR FOR THE REVOLUTION: THE 6809, by Terry Ritter and Joel Boney 
The successor to the 6800 described by its designers in the first of a 3 part series 


74 AN EXPOSURE TO MUMPS, by David D Sherertz 
First designed for medical applications, this high level language is diversifying 


100 THE DIGICAST SYSTEM: Receiving Data and Information Over Your FM Radio, by A / Halsema 
Receiving computer programs over FM subcarrier bands 


110 GRANDMASTER WALTER BROWNE VERSUS CHESS 4.6, by John R Douglas 
The continuing saga of Chess 4.6, this time in a simultaneous exhibition by a Grandmaster 


116 AN INTRODUCTION TO BNF, by WD Maurer 
Introduction to Backus-Naur Form, an abbreviation method used in compiler and interpreter design 


126 CREATING A CHESS PLAYER, Part 4: Strategy in Computer Chess, by Peter W Frey and Larry R Atkin page 104 
Optimizing end game evaluation on the computer 


146 IPS, AN UNORTHODOX HIGH LEVEL LANGUAGE, by Dr Karl Meinzer 
A machine independent high level language interpreter 


174 GOTOlocks AND THE THREE SORTS, dy Gwen Hadley 
A tale told by a PUNdit of a sort 


182 ELEMENTS OF STATISTICAL COMPUTATION, by Alan B Forsythe 
How to calculate means and standard deviations 


Nucleus page 190 
å in This BYTE 162 BYTE’s Bits 
6 A Short Note on Pascal Progress and Other Topics 170 Desk Top Wonder: Some Random Games 
10 Letters 176 Nybbles: A Micro Word Processor 
49 Book Reviews 179 Programming Quickies: Single Stepping the 8080 Processor 
52 Machine Language Puzzler: Memory Meanderings 188 Event Queue 
53 SYTE’s Bugs 193 What's New? 
54 Technical Forum: Comments on S-100 Bus Extension 222 Unclassified Ads oe 7, 
160 Clubs and Newsletters 224 BOMB, Reader Service “a = 
= ips 
Cover Art: SCULPTING THE NEW TITANS by Robert Tinney. ‘hea 
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This month's cover is entitled Sculpting 
the New Titans, a fantasy by Robert Tinney 
that emphasizes the new crop of innovative 
circuitry being chipped out of silicon by 
microcomputer engineers. Of course, in real 
life the tools are more likely to be a com- 
puter, plotter, and wafer fabrication facility. 

Among the new devices fs Motorola's new 
6809 processor, expected to be available in 
the next few months. Successor to the 6800, 
the 6809 is an 8 bit processor that can per- 
form 16 bit operations. The two chief archi- 
tects of the 6809, Terry Ritter and Joel 
Boney, begin a 3 part discussion of the new 
circuit in A Microprocessor for the Revolu- 
tion: The 6809, Part 1: Design Philosophy. 

page 14 


la this BYTE 


This month Steve Ciarcia begins the 3 
part series, Build a Computer Controlled 
Security System for Your Home. Part 1 
covers everything you need to keep your 
home or business secure, from the right 
types of sensors to detailed software 
examples. page 56 


Of the four standard languages of the 
American National Standards Institute 
BASIC, FORTRAN and PL/I are familiar. 
Less so is MUMPS, used for many business 
and science applications. Get An Exposure 
to MUMPS in David Sherertz’ article. page 74 


Implementing a mailing list on your com- 
puter is a practical application for many 
personal computer experimenters. If you 
have a floppy disk based system, read A 
Computerized Mailing List by Thomas E 
Doyle and find out how easy it is to do. 

page 84 


Last month David Buckingham described 
interesting and intricate patterns that occur 
in John H Conway's game of Life. This 
month we take a look at some of the 
methods and schemes for implementing a 
Life program on your computer. Mark D 
Niemiec reveals a Life enthusiast’s trade 
secrets in Life Algorithms. page 90 


In The Digicast System A [ Halsema 
describes a new technique for receiving 
computer programs and information broad- 
cast over the subcarrier frequency bands of 
FM radio stations. Similar systems are now 
in operation in Europe. page 100 


One of the problems in creating computer 
synthesized music is that many systems 
allow only one note at a time to be en- 
tered—a time-consuming restriction. Steven 
Roberts describes a way around the dilemma 
in Polyphony Made Easy. page 104 


Computers cannot play perfect chess, but 
sometimes a computer program can do sur- 
prisingly well. The human United States 
chess champion discovered this fact while 
competing against the world champion 
computer chess program. That confrontation 
was recorded by J R Douglas in Grandmaster 
Walter Browne versus Chess 4.6. page ti0 


BNF (Backus Normal Form or Backus- 
Naur Form) is a standardized method for 
abbreviating certain statements made about 
programming languages. Used extensively in 
books and articles dealing with compiler and 
interpreter design, it is explained for those 
new to the subject in W D Maurer’s article, 
An Introduction to BNF. page 116 


In Creating a Chess Player, Part 4: 
Strategy in Computer Chess, authors Peter 
Frey and Larry Atkin describe some clever 
optimization techniques that can signifi- 
cantly reduce the amount of computer time 
needed to evaluate end game positions. 

page 126 


In this issue's Languages Forum: IPS, An 
Unorthodox High Level Language, Karl 
Meinzer presents an introduction to his 
creation, a machine independent high leve! 
language interpreter presently implemented 
for the RCA 1802 and 8080 processors. 

page 146 


Test your computer vocabulary by puzz- 
ling over Gwen Hadley’s story of GOTO- 
locks and the Three Sorts. page 174 


In Elements of Statistical Computation, 
Alan Forsythe covers some of the dos and 
don'ts of determining the mean and standard 
deviation of a set of data. poge 182 


Logic probes are handy for trouble- 
shooting digital logic. Read about James L 
Woodward's circuit in An Audible Logic 
Test Probe. It plays two tones through a 
speaker corresponding to high or low logic 
levels, and it costs very little. page 186 


We tend to take the microprocessors of 
today for granted, forgetting the power hun- 
gry days of the 1950s. In his article, History 
of Computers: The IBM 704, Keith Reid- 
Green looks at one of the last vacuum tube 
computers to be commercially marketed. 

page 190 


“After working all day with the computer at transfer. The little minidiskettes™ store plenty of 
work, it’s a kick to get down to Basic at home. And cato and file easily too. 
one thing that makes it more fun is my Shugart “I made the right decision when | bought a 
minifloppy™: We use Shugart drives at work, so system with the minifloppy. when you lay out your 
when | bought my own system | made sure if had a own hard-earned cash, you want reliability and 
minifloppy drive. performance. Do what | did. Get a system with the 
“Why? Shugart invented the minifloppy. The minifloppy.”’ 
guys who designed our system at work tell me that 


Shugart is the leader in floppy design and has If it isn't ta g 


more drives in use than any other manufacturer, If it m 4 č ð 

Shugoart drives are reliable enough for hard-working minifi 

business computers, they've got to be a good i isn oppy. 
value for my home system. 


“When I'm working on my programs late at A Shugart 


night. | can't wait for cassette storage. My 


minifloppy gives me fast random access and data 435 Oakmead Parkway, Sunnyvale, California 94086 


For a list of manufacturers featuring Shugart's minifloppy in their systems, circle reader response number. 
Circle 320 on inquiry card. TM minifleppy is a registered hademark of Shugart Associates BYTE fanuary 1379 5 


by Carl Halmers 


‘Editorial 


A Short Note on Pascal Progress and Other Topics 


As our January issue deadline approach- 
ed, we received a memo from Ken Bowles of 
the University of California at San Diego, 
concerning yet another development in the 
progress of Pascal as a language appropriate 
for small machines. This is a plan (expected 
to reach fruition in early 1979) for making 
the UCSD Pascal system available on the 
Apple |i computer. The result, of course, is 
a computer with dual floppy disks and 
Pascal systern capability that, sold through 


Some things are just 
naturally right. 


finy-c is a structured programming language designed 
fo allow you to focus attention on the problem you 
want to solve — rather than the language you're using 
to solve it. With tiny-c you can expand your horizons 
far beyond the limits of BASIC. The tiny-c Owners 
Manual (including 8080 
and PDP-11 source code) is s40 
Machine readable copies of the a 
interpreter are available on selected media. 

To order your.finy-c Owner's Manual call or write: 
tiny ¢ associates, RO. Box 269, Holmdel, 
T's N.J. 07733; (201). 871-2298. 

uickly aed i 
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a computer store, would be priced at about 
$3000. Of course, the UCSD people are 
most overjoyed by this because it makes 
available for educational uses a Pascal 
compatible machine which is unmatched 
in price. This Apple Il version of UCSD 
Pascal will be supported with one 12 K 
byte read only memory card and main 
memory of 48 K bytes. It is expected 
that this configuration will set a standard 
for small systems. 

Following the Western Digital Pascal 
Micro Engine computer noted last month, 
we now have Pascal compatible systems 
at every level of design: from the chip level 
to that of the integrated consumer com- 
puters. Once again, our enthusiasm for 
Pascal must be reiterated: it is widely 
available in a standard form and quite 
compatible with personal computers. 

But the languages of the computer 
culture do not end with BASIC, Pascal 
and APL—all used or discussed in these pages 
to some extent. Languages for computer 
use is a topic too broad to be served by 
just a few examples. Other languages worth 
exploring in these pages might include 
such well known examples as SNOBOL, 
GPM, LISP, and various low level symbolic 
Polish notation interpreters such as Karl 
Meinzer’s IPS interpreter which is discussed 
in this issue. It may be only a matter of time 
before we have systems with such languages 
built in. After all, the electronics engineering 
is more or less identical for all small com- 
puters, and to distinguish them from one 
another in the marketplace, such “trivial” 
matters of taste as language and operating 
systems conventions may soon be important 
criteria for the computer buyer at the local 
computer store showroom. There is plenty 
of room for different languages and oper- 
ating system conventions as the market 
grows larger. Such diversity of choice is one 
of the joys of the present era in computing.® 


Specifications: 

$-100 compatible. MFM 
encoding, 35 tracks with ten 
512-byte sectors per track. 
179,200 bytes on double 
density SA-400 and North Star 
BASIC, DOS, and Monitor 
included. 


For further information, write 
for full color catalog or contact 
your local computer store. 


New from North Star 


Double Density Performance at 


Single Density Prices 


The new HORIZON computer and 
Micro Disk System now record in dou- 
ble density! That means each new 
Shugart SA-400 minifloppy disk drive 
accesses 180K bytes of on-line infor- 
mation. All double density HORIZON 
computers and Micro Disk Systems 
have a redesigned controller which 
allows the use of quadruple capacity 
disk drives as they become available in 
early 1979. A three-drive North Star 
System with quadruple capacity disk 
drives will access over a megabyte of 
on-line information. But, best of all 
there’s no price increase for double 
density models. 


North Star BASIC and DOS have been 
upgraded to accommodate the in- 
creased capacity and yet run existing 
programs with little or no change. The 
new disk system also supports single 


density, so existing single density disk- 
ettes can still be used. Single density 
SA-400 drives previously purchased 
with North Star systems can also be 
used. 


Pricing 

HORIZON with one double density 
SA-400 minifloppy (180K bytes), 16K 
RAM, Z80A processor and serial I/O 
port: $1599 kit, $1899 assembled. 


MICRO DISK SYSTEM with one double 
density SA-400 minifloppy, controller 
board and power regulation: $699 kit, 
$799 assembled. (Cabinet and power 
supply $39 extra each.) 


Nort Star * Computers 
2547 Ninth Street 

Berkeley, California 94710 

(415) 549-0858 
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CALIFORNIA 
Araw emn Sy ped Equipment 


nly ag! 
ria) 27-9870 
Shuey Aircratt 
1009 E Vermont 
Anahoun, CA 92805 


(754) 991 2040 
oe Services 
1395 Beverly 

Beverly Hilis, CA 90212 
$213) 550-1860 

iS ell Visual Services 
10000 Hanna Si 
Chatsworth, "CA gla 
(213) 998-2089 

Sitves Spur Electronics 


Communications 

$3582 Central Ave 

Chino. CA 91790 

1714) 627-9366 

Alternative Computer Systems 
216 Full Curcie 

Davis. CA 95616 
(916) 758-5384 

Adventures in Computing 
8756 Wainer 

Fountam Valley CA 92706 
(754) 848-8388 

Omo Scrantilic West 

$546) Chemical Lane 
Huntington Beach CA 92649 
(714) 691-2857 

Oson Electonics 

4642 Wesi Century 
(nalewoou CA 

1213) 674.5740 

Canswner Computers 

6907 A La Mesa Blvd 

Lā Mesa. CA 92041 

47 td] 455-8868 

Westwood Computer Systems 
2268 Wesiwood Bird 

Los Angetes.CA 90054 
(21h: 475-0566 

Data Byte of Riverside 
10088 Megnota 

Awmside CA 92503 
(7 $4} 688-2660 


The Computer Center 
8205 Ron 


son 
Ban Dego. CA 92111 
(714) 292-5302 
Olson Electronics 
Kearny Mesa 4840 Canvoy 
San Diego. CA 92911 
(7 $4; 292-1100 
Systems Engineering 
200 ud Sireat 
San Fiancisco CA 94107 
4415) 777-3150 
A. A Olice Equipment 
18298 E 14h St 


tA 15) 357. 1737 

Olson Eieckonics 

2123 Ei Camino Real 
Santa Ciara. CA 95051 
(408) 249-4886 

Kico Corp 

PO Bos 396 

Sierra Madre. CA 91024 
1213) 399 0720 


COLORADO 

Gyie Shop at Colorado Springs 
1B45 N Cucte Orive 

Cotorado ags. co sogno 
(3031 63370 

Sheo tll Ca 

38:5 Broadway 


Tacamp Campuri Counts 
3469 W ?2nd Ave. Suite 101 
Danvar CO 60030 

(303) 4276 7743 

Byte Shop. tne 

2463 South Acoma 
Englewood CO 80110 
(30H 761-6232 

Tota! Data Syaiems 

125 Fairway Lane 

Fön Cons, CO 80821 
(D93 49! 6692 


CISTRICT OF COLUMBIA 
Amencan Data Hame Office 
Computer 

1030 13ih Sirees 
Washington,DC 20005 
(202) 466-6612 


FLORIDA 

Olson Electronics 

3833 Ponce de Leon 
Coral Gables FL 33146 
(305) 666-3327 

Tima Dara Comp 

161 Aknea Avenue 
Carat Gables FL 33534 
(305) 576 7666 
intercontinental Computer 
ITSA N WW. Alvear Orive 
Miam FL 33142 

(305) 633 1548 


There’s an Ohio Scientific dealer near you. 


Miami, FL 33132 
1305} 374-4121 

Oson Electronica 
6901 22nd Avenue. N 


Olson angaa 
1215 South Daie Mabry 


Tampa, FL 

(813) 253.3129 
GEORGIA 

Electronic information 


sems 
Hmewoni Lane 
known, GA 3060) 

(404) 353-2858 

popin Business Computer 
5725 Buford Highway, 

Suite 216 

Atlanta. GA 30340 

14041 457-8540 

Columbus Software Center 
4722 Northgate, Box 8088 
Columbus. GA 31908 

1404) 5637729 

Olson Electronmecs 


1404) 378-4201 


MAWAN 

Smali Computer Systems 
3149c Waitatat 

Honotuly, HI 96816 
#808) 732-5246 


ILLINOIS 
American Microprocessors 
1100 E Broadway 


Simbu Corp 

800.N Main $1 
Anpoch it 60002 
41312) 395-8189 
Tech-Tromecs 

7159 Unversity 
Carbondale, IL 62901 
1618) 549 8495 


Electronic Systems 
on TN Wells 
pcego IL 60610 
(392) 944.6565 
Otson Electronics 
on N Mibwauket 
cago. iL 60641 
(312) 545-7336 
ABH Associates Lid 
2590 Crawtord 
Evanston, IL 60602 
(312 328-2600 
Processor Systems 


Geneva. IL 60134 

(312) 232.7195 
Compulermonal Systems Inc 
1132 Waukegan 

Glenview iL 60025 

(312) 724-3890 

Tek-Atds industnes 

4711 Chestnut 

Glenview, IL 60025 

(352) 724-3620 

Autodata Corp 

21000 5 Westenn Ave 
Olympia Fretds. IL 60461 
4312) 747-9000 


y 
Poona. IL 61814 
{309 692-5852 
Amencan Microprocessors 
20N Milwaukee 
Pramevew. IL 60069 
1312) 634-0076 
Quincy Hobby Center 
3632 Maine SI 
Quincy. iL 62301 
{237 223-8438 
Data Domain 
1612 E Algonquin 
Schaumburg, IL 60195 
t312 397 87. 
Practecal Computar Systems 
1015 Eas! Adams 
Springstetd, IL 62703 
12 +7) $23-9899 


INDIANA 

Data Domam 

406 S College 
Binormngton, IN 47401 
1892) 334.3607 

Amencan Microprocessors 
146 N Broad 

Gnilh IN 46319 

(219) 924 790) 

Amencan Microprocessors 
3602 East Washingion 
indianapows. IN 46201 
(317) 359-7445 

Data Domain 

7027 N Michigan 
indianapolis IN 46268 
(317) 251-3139 

Olson Electronics 
SBIN Keystone 
Indianapolis, IN 48220 
43171 253 1984 

Daia Domain 

FON Thro 
LaFayetie.iN 470o? 
13417} 423 2548 


1210 362-5812 
a a aaa 


oe ee) 


be 2278 


ican Microprocessors 
102 E ath 


Waterloo, tA 
(319) 296-2285 


KANSAS 
Dunn Electronics 


L 
1316) 624.1888 
Commurications 
patties Lid 

N Thied St 
Manhatten. KS 66502 
(933) 776-7292 
Barnay & Associates 
425 N Broadw 
Putsburg. KS 752 
4316) 231-1970 
Techmigraphics 
$911 Claredon 
Wichita, KS 67220 
1316) 744-2443 


KENTUCKY 

Olson Electrones 

$17 Southtand 
Lexington. KY 40503 
(606) 278.9413 

Data Domain 

3028 Hunsinges 
Louisville. KY 40220 
(502) 456-5242 

Otson Electronics 
4137 Shelbyvitie 
Louisville KY 40707 
15021 893 2562 


MARYLAND 
The Mathbox 


4431 Lenigh 
Cotiege Park. MD 20740 
4303) 277-6828 

Systems Engineering 
$749 Rockwilie Pike #307 
Rockville. MD 20642 
1301} 468 1872 

The Math Bor 

2621 University Bivd W 
Wheaton MD 20907 
(3011 933-6555 


Berrian Sprogs Mi 49103 
29- 


Kimbte Terminats 


451 S Eron 
Birimin Mi 48008 
1313) 645-5553 


MicraComputer Wara 
313 Moctegan N € 

Grand Rapics MI 49501 
1616: 451 8972 

Concept Engineering 
3706 Malibu 

Lansing MI 48910 

t7 0585 

Olson Electromes 


Madisan Heights. Mi 46071 
(313) 5460 

Great Lakes Prato 

$001 Eastman 

Midland. Mi 48640 

(517) 631-5461 


MINNESOTA 

North State Microcomputers 
1600 Lonion Ag Ste 100 
Duluth MN 55812 

(2181 728-2695 

Custom Computer Systems 
1823 Lowry 

Minneapolis MN 55404 
1612) 588-3944 

ABS 

547 25th Avenue Noth 

Sı Cloud MN 5630! 
(612) 253 8734 

Ranald Frrach 

Fusch Computers 

1415 Arcade 

Sı Paul MN 56301 

(612) 771 7569 
Westroncs 

716 NW Bin St 

Wittnar MN 56201 

(612) 235-6096 


MISSISSIPPI 

Jach Fisher Salas 

100 Main 

Michigan Cay MS 38647 
t601) 224.6470 

assault 

Four State Micsocornputer 
402 Watt 

doptin, MO 64801 

1417) 762.1285 

impact Systems 

613 W wa St 

Lees Sumnut MO 6406) 
1816} 524 $333 

The Computer Bit 

1320S Gtanstone 
Sprnghed MO 65804 
1417) 883 3709 
Futuseworkd 

1909 Seven Pines 

St Lous MO GIMI 
4394) 434 1121 

Sauer Computes Syntems 
1750 Soult Brentwood 
Suno 601 

St Louis MO 63144 
(344) 962 0382 


MONTANA 

Linco 

PO Bo» 2418 

Cui Bank MT 50427 
$406) 336-3117 


NEBRASKA 

Iintethgent Sys & Robotics 
2335S 3th 

Lincoln, NE 68506 
(402) 483 1989 

Omaha Computer Stave 
4540 South Bth 
Omaha NB 68127 
1402) 582.3590 

NEVADA 

JBA Assocation 

1700 Westor Avo aC 
Las Vegan tn NV aao 
4702) 382 0362 


NEW JERSEY 

Computer — ied 

240 Wanaq 

Pompton t take. NJ 07462 
(201) 835. 

Garden ben Computer 
922 South Avenue 
Wesiteid, NJ 070390 
(201) 232-0611 


DBIS 

475 White Plains Road 
Eastchester. NY 10707 
(914) 779-5202 

Assocralnd Consuttants 
II Ogden 

Eas! Williston NY 11596 
(518) 746 1079 

R ig Glance F arm Records 


Bou 
Mantus.NY 13104 
(31S) 477-6405 
Ansio Crati 


(212) 279-9034 

Better Programming 

Systems inc 

275 Fou Washington Ave 

New York NY 32 

(212) 694-6601 

Computer Mari ot N Y 

118 Madison 

New York NY 10016 

(212) 686 7923 

co nine ne aia 
N 


Rochesier NY 14607 
1716) 442 5861 

Uniworsal Gata Research 
234 Tennyson Tevace 
Withamsvilte NY 14221 
t7161 689 771 


Genacat $: AMN 

6 5 

1013 Uwana rogram 9 
Grand Forks ND 58201 
{7014 746-1042 


OHIO 

Olson Electronics 

69 Wost State 

hron OH 44308 

426) 762 0301 

Olson — 

3265 W Mat 

Akron OH ‘fis 

(2163 B64 1407 

Otaon Electronics 

2605 Forge St 

Akron OH 44327 

4216} 535 1800 

Bang Oren inc 

JV E State St 

Aiance OH 4460! 

(2161 621 2600 

tucas Oltice Equipment 
vee 

BOJE Frankin 

Centersiin OH 45459 

(0 433 A 

Econo Oata 


inut 
Cinčmnati OH 45202 
151) 42) 7071 
Syaterns Support Associates 
7330 Victory Parkway 
Cincinat OH 46206 
1513) 283 4477 
Modica! Gusmess Systems 
6685 Beta Drive 
Cleveland. OM 44143 
4216) 461 7650 


Chrvatal 

(216) 621.6387 

Oison Efectronres 
G81] Pear 
Cteveland.OH 44115 
(216) 845-2424 

Oson Elestromcs 


Cieveiand. 

(2163 391 4600 

Olson Electrica 

1975 Hondorson 

Columtuis,OH 43220 

(614) 451 3245 

Astto Video Efectiones Ine 

504 € Main St 

Lancaster OH $= 43130 

(614) 687 0629 

Johnson Computer 

123 W Washington 

Medina, OH 44256 

(216) 725-4560 

Mica Systems Seles 

WW Awa Rosd 

Novitligtg, OH 44067 

1216) 467.0003 

integrated Management 

Systems 

7074 White Butterly Lane 

Reynoldsburg OH 43068 

(614) 866 1907 

Olson Etectranics 

7401 Market 

Southern Park Mali 

Youngstown OH 44512 

t2161 759 3878 

OKLAHOMA 

Ga a neenng 

910 ten 

Cmon, TOK 73601 

4405) 323-2320 

Accounting Systems 
2709 Orlando 


Oklahoma City. OK ?3120 
4405) 75t 1937 

Gauge: Engineering 

3824 5 7th East 

Tutsa, OK 74945 

1918) 627 1084 


QRECON 
Compute Solutions inc 
4800 NW Suinhur Spnngs 


Rosd 
Corais. OA 97330 
1503 745-5172 


Schoollytures inc 
Box A Chara Hall 


ean tae bas OA 


Fial Computer 
10675 SE 42nd Avenuo 
Milwaukie, OA 97222 
1503) 654-9574 


PENNSYLVANIA 
Broad Ent ws 
SON Deri 15 


Television Pants Co inc 
$18 Sth Avo 

New Beignton, PA 15066 
4412) 646-4044 
intemational 

Automation Inc 


nd Floor 
Melion Bank Gidg 
Now Kensington. PA 15068 
14123 335 
Olson Electromes 
5948 Penn 


Piisburgh PA 15206 
(412) 362-1333 

Otson Electronics 
3405 Saw Mi) Run 
Putsburgh PA 1522? 
4492) 88t 0702 

Otson oe 
4778 Me! on Ba 
Pritsbur: Aay 1523: 
(452) 

Abacus ours —— 


te 
Reno PA 16343 
(814) 877 6502 
Creatwe Computer Systems 
& Software 
14S Church St 
West Chester PA 19380 
(215) 436.4750 


SOUTH CAROLINA 

istand Business Machines 
2 ni 

Hilion Head is SC 29928 
(803) 785-3631 


TENNESSEE 

Computer Power of Memphis 
3540 Walker Avenue 
Memphis TN 38111 

(904) 452 1526 

Computer Powarol Osh Ridge 
800 Oak beg 4 Turnpike 
Oab mi 37630 
(61%) 482.9031 


TEXAS 

Personnal Cost Control 
1131! Stemmons Freeway 
Dahas TX 75229 

1214) 634 1230 
Cybertioncs 

16327 Temper Vali 
Houston TX 770 

1713) 376 8431 


Me Computes 
744 FM 1960 W . Suite E 
Houston YX 77090 
{7133 444-7419 
wae 


League City. TX 77573 
17131 332- 

Computer $ 

E12 San Pere 

San Anionio TX 78716 
1512) 028-0553 


UTAH 


Home Computer Store 
2343 East 3300 South 


ty watalis 

170 È 2100 Souilh 

Sait Lake City UT 84108 
(861) 486 


VIRGINIA 

apg We Ae General Store 
ITAN Per Bring 

on tet 4600 VA i] 
WE Computers 

217E Mam St 
Chartottenvdle. VA 22901 
(804) 295 1975 
Microsystems. Ine 

5320 Wittamson 


Roanoke VA 24012 
1703) 563-0003 


WASHINGTON 

Ye Olde Computer Shoppe 
1605 € isaacs St 

Walla Walla WA 99382 
1509) 529931) 

Ye Olde Computer Shoppe 
546 North 6th 

Walla Walla, WA 99362 
(509) 529-9566 


WISCONSIN 
Inthan Head Computer 


oms 

S Farweil St 
Eau Clare. Wi 54701 
1715) 834-8169 


cia 190) 922.2518 
ee Ollice Machines 
East Second 
Fond du Lac. WI $4935 
(414) 022.5440 
American Microptocessas 
2421 Windsor Rd 
Janesulte, nm s3545 
(608) 7520 
Computer Consunanis 
206 Hood Box 1027 
La Crosse. wi saoi 
{600 764.7979 
Madison Computes Siore 


luvemond 
Mitwaukee, WI $3213 
2588 


Indianhead Computer 
Box 178 Route 4 

Rice Lake, Wi $4888 
(? 15) 234 4323 


Wauwatosa. Wi 53213 
(494) 776-2243 

Olson Electrons 

3125 South 1081h 

West Allis, WI 53227 
t414) 541-1406 


WYOMING 
Interactive Operations 
Associales 
PO Box 1322 
Blueheid, WY 24701 
Can mT ee 

kol Tec: Y 
204 Crazy Horse Lany 
Gillette, 62716 
1307 682-0300 
CANADA 
Beclerm 
1277 Chemin St Joan 
Bernieres, Quebec 
Canada GOS tco 
(498) 631-4522 
Sg ees Ltd 


Box 
Staton P 


Caigary. Alberta 
Canada T2096 
(40) 262-2468 


6 Auytomalion tie 
Ciak St, Crows Neat 


Cuanca, Ecuador 
830-776 


SWITZERLAND 
Nastenco Comp 
4023 Ga: 


sal 
Basel. Switzerland 4023 
(0114161) 26.3626 


WEST GERMANY 
Pan Atlanic Computer 
j p de GmbH 


mst at 
Franturterstrasse 76 


ersy 

Rheinatiasea 2 

4040 Neuss 1 

West Germany 
(02101) 28124 
Microcomputer 
Oatensystome GmbH 
oo Supa 6 
PO Box 1108-68 
06100 Damea 


West Germany 
106154) 7l Atid 


BELGIUM 

tEC finternational Electronic 
Avenue Charies Phanier 3F 
8.1070 Bruxelias (Betgrmy 
02/52 1-95-80 


Mulok 

The Studia. Quarry Haiti 
Bor Corsnam 
Witsture. England 
022121 3289 


Abacus Computers Lunied 
62 New Cavendish Streot 
London W1 England 

01 580-8641 


U Microcompwiers 
P O Box 24 
Northwich Cheshire 
Caw IRAS, England 
0606-75627 


FRANCE 

Janai Computer Shop 
42 Rue Pasquier 
75008 Pans France 
329 8227 


Electronic JL 

97 Rue des Chantiers 
78000 Versasies 
Franco 

950-2820 

ITALY 

Saylab 

Via M Gioia 66 

20125 Mitano 


taly 
1021 688-3306 


Ediconsut SRL 
Via Caccim 12 
Monza. italy 

039 38 9850 


SWEDEN 

Isovonc AB 
x 

18303 Taby 

Swoden 

106) 756-0155 


Compumas Ltd 

117 Solonos St 
Athens 142, Greece 
3632952 


NETHEALANDS 

ingenwurs Bureau 
oOopmans 

don Vermeer Str 7 

3351 BM Papendrecht 

Neiheriands 

078-5803) 


PUERTO RICO 
Poetto i Sates 


America’s Largest Full Line Microcomputer Company OIG SCIENTIFIC 1333 S. Chillicotha Road © Aurora, Ohio 44202 (216) 562-3101 


The Age of Affordable Personal 


Computing Has Finally Arrived. 


Ohio Scientific has made a major breakthrough in small com- 
puter technology which dramatically reduces the cost of per- 
sonal computers. By use of custom LSI micro circuits, we have 
managed to put a complete ultra high performance computer 
and all necessary interfaces, including the keyboard and power 
supply, on a single printed circuit board. This new computer 
actually has more features and higher performance than some 
home or persona! computers that are selling today for up to 
$2000. It is more powerful than computer systems which cost 
over $20,000 in the early 1970’s. 

This new machine can entertain your whole family with spec- 
tacular video games and cartoons, made possible by its ultra 
high resolution graphics and super fast BASIC. It can help you 
with your personal finances and budget planning, made possible 
by its decimal arithmetic ability and cassette data storage capa- 
bilities. It can assist you in school or industry as an ultra powerful 
scientific calculator, made possible by its advanced scientific 


Ohio Scientific offers 
Challenger 
video monitor 
running. 


Superboard |! $279 
For electronic buffs. Fully 
assembled and tested. Re- 
quires +5V. at 3 Amps 
and a video monitor or TV 
with RF converter to be up 
and running. 


Standard Features 


@ Uses the ultra powerful 6502 microprocessor 
E 8K Microsoft BASIC-in-ROM 
Full feature BASIC runs faster than currently available 
personal computers and all 8080-based business com- | 
puters. 
E 4K static RAM on board expandable to 8K 
S Full 53-key keyboard with upper/lower case and user 
programmability 
E Kansas City standard audio cassette interface for high 
reliability 
E Full machine code monitor and I/O utilities in ROM 
B& Direct access video display has 1K of dedicated memory 


(besides 4K user memory}, features upper case, lower 
case, graphics and gaming characters for an effective 
screen resolulion of up to 256 by 256 points. Normal TV's 
with overscan display about 24 rows of 24 characters: 
without overscan up to 30 X 30 characters. 


Extras 

E Available expander board features 24K static RAM (addi- 
tional}, dua! mini-floppy interface, port adapter for printer 
and modem and an OSI 48 line expansion interface. 

| ~~ and extended machine code monitor 
available. 


Interested in a bigger system? Ohio Scientific offers 15 
other models of microcomputer systems ranging from 
single board units to 74 million byte hard disk systems. 


Circle 290 on inquiry card. 


Fully packaged with power 
supply. Just plug in a d 


through an RF con- 
verter to be up and 


math functions and built-in “immediate mode which allows 
complex problem solving without programming! This computer 
can actually entertain your children while it educates them in 
topics ranging from naming the Presidents of the United States 
to tutoring trigonometry all possible by its fast extended BASIC, 
graphics and data storage ability. 

The machine can be economically expanded to assist in your 
business, remotely control your home, communicate with other 
computers and perform many other tasks via the broadest line of 
expansion accessories in the microcomputer industry. 

This machine is super easy to use because it communicates 
naturally in BASIC, an English-like programming tanguage. So 
you can easily instruct it or program it to do whatever you want, 
but you don't have to. You don't because it comes with a com- 
plete software library on cassette including programs for each 
application stated above. Ohio Scientific also offers you 
hundreds of inexpensive programs on ready-to-run cassettes. 
Program it yourself or just enjoy it; the choice is yours. 


you this remarkable new computer two ways. 


1P $349 


or TV 


Fe aa ee eee 
! Order direct or from your local Ohio Scientific dealer. 
| O lm interested. Send me information on your: 


| C Personal Computers C Business Systems 

| O Send me a Superboard II $279 enclosed 

| O Send me a Challenger 1P $349 enctosed 

j O Include 4 more K of RAM (8K Total) $69 more enclosed 


l Name 

| Address 

City. State —— Zip ee a 
| Payment by: BAC(VISA) ___MasierCharge —— Money Order —— 


Credit Card Account # 


| Expires Interbank #(Master Charge) 


Oho Residents add 4% Sales Tax 


| 
| TOTAL CHARGED ORENCLOSED —— Ss 
All orders shipped insured UPS unless otherwise requested. FOB Aurora, OH 


Èo = Åc LS lL l ee ee U a A aaa 


America’s Largest Full Line Microcomputer Company 
1333 S. Chillicothe Road Ħ Aurora, Ohio 44202 (216) 562-3101 
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COMPUTER INSURANCE? 


In response to Leonard Anderson's 
tetter (October 1978 BYTE, page 157) 
regarding insurance for computers, | 
think a few comments are in order: 


1. A standard homeowners policy 
wili extend to cover a microcom- 
puter system. As Mr Anderson 
mentioned, this type of policy is 
generally set at minimum amount 
of coverage for personal property 
within a dwelling at 50 percent of 
the dwelling itself. However, this 
Is a minimum amount and it can 
be increased usually at a rate of 
about $2 per thousand, to what- 
ever limit is necessary to cover 
the contents involved. 

2. Coverage under a homeowners 
policy, however, provides cover- 
age only on a “named peril” basis. 
That is, such types of losses as 
fire, smoke, vandalism and theft 
would be covered. On the other 
hand, losses such as breakage 
would not be covered under this 
type of policy. 

3. If a broader form of coverage is 
needed, it should be possible to 
have a separate personal property 
floater written to cover the micro- 
computer. We have done this in 
some instances and it does give an 
“all risk" form of coverage. It is 
necessary, however, to specify the 
values involved in your system 
when writing this type of policy. 

4. in any event, both the home- 
owners and the personal property 
floater cover only the value of 
raw media, eg: disks and tapes 
wil] be covered only for the value 
of the disks or tapes, not for the 
value of the programs entered on 
those media. This would not 
apply, however, to commercially 
purchased disks and tapes which 
already have programs on them, 
since the insurable value would be 
the purchase price. 

5. In all the above instances, we have 
assumed that the computer is a 
personal computer and is not 
being used for business purposes. 
If the system és being used for 
business purposes, it is necessary 
to write a separate policy to cover 
this system. A homeowners policy 
will specifically exclude equip- 
ment used for business purposes, 
and in that event | would recom- 
mend that you write either a per- 
sonal property floater or, for 
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those persons who have an office 
but take their computer home for 
additional programming, etc, it 
would probably be possible to ex- 
tend the business policies to cover 
the computer. 

6. For those persons involved in 
fairly extensive business use of 
computers, there are speciality 
policies written by a limited 
number of insurance companies, 
(eg: St Paul Insurance Company 
and Fireman’s Fund) which are 
specifically designed to cover 
both computer systems and all 
forms of media. 


| hope these comments will be of 
some help to your readers. 


Bob Henderson CPCU, CLU 
Hendersons Inc Insurance Brokers 
6548 S Bright Av 

Whittier CA 90601 


SOME FOOTNOTES FROM JAPAN 


! mentioned ‘two recent Tokyo 
shows” in my letter Some Notes From 
japan in September 1978 BYTE, page 
17. The Sharp PC1300 appeared at the 
business show, as mentioned; the other 
items (Mitsubishi, Panafacom, NEC, etc) 
were at the microcomputer show. Sorry 
about the omission. 

A conversion error of 680 grams to 
8 ounces appeared in my letter. 1 
pound 8 ounces Is nearer. 

Also, NEC’s Level 2 BASIC has only 
just appeared (September 1978). It’s a 
replacement read only memory for the 
8080 system. 


K S Wilkinson 
CPO Box 1748 
Tokyo JAPAN 100-91 


JUMPING BACKWARDS WITH 
WADUZITDO 


| found the WADUZITDO program 
(September 1978 BYTE, page 166) fun 
to play with and | noticed that the 
JUMP function could easily be modified 
to permit backward jumps, as follows: 


OOAS FE 0100 LDX LOC 
OOA8 C4 OF AND B #$0F 
OOAA 26 02 BNE JF 


Now, WADUZITDO can jump back 
in an absolute fashion (rather than rela- 


Continued on page 166 


See Sol 

at all these 
fine 
computer 
centers 


CA: Costa Mesa: Orange County Computer 
Center, (714) 646-0221. Modesto: Computer 
Magic, (209) 527-5156. Mountain View: 

Digital Deli, (415) 961-2670, San Rafael: The 
Byte Shop, (415) 457-9311. Walnut Creek: 

The Byte Shop, (415) 933-6252. CO: Oenver: 
The Byte Shop, (303) 399-8995. CT: Bethel: 
Technology Systems, (203) 748-6856. FL: Ft. 
Lauderdale: Byte Shop of Ft. Lauderdale, 

(305) 561-2983. Miami: Byte Shop of Miami, 
(305) 264-2983. Tampa: MicroComputer 
Systems, (813) 879-4301, IL: Lombard: Midwest 
Microcomputer, (312) 495-9889. 1A: 
Davenport: Memory Bank, (319) 386-3330. KY: 
Louisville: Martronix Associates, (502) 
459-0500. MD: Silver Springs: Computers Etc., 
(301) 588-3748. Towson: Computers Etc.. 

{301} 296-0520. MO: Florissant: Computer 
Country, (314) 921-4434. NH: Nashua: 
Computerland of Nashua, (603) 889-5238. Nd: 
Cherry Hill: Computer Emporium, (609) 
667-7555. Iselin: Computer Mart of New Jersey, 
(201) 283-0600. NY: Endwell: The Computer 
Tree. (607) 748-1223. Syracuse: Computer Shop 
ot Syracuse, (315) 637-6208. White Piains: 

The Computer Corner, (914) 949-3282. NC: 
Rateigh: ROM's ‘'N’ RAMS, (919) 781-0003. 

OH: Akron: The Basic Computer Shop, 

{216) 867-0868. OR: Beaverton: Byte Shop 
Computer Store, (503) 644-2686. Portland: 
Byte Shop Computer Store, (503) 223-3496, 
PA: King of Prussia: Computer Mart of 
Pennsylvania, (215) 265-2580. Ri: Warwick: 
Computer Power, Ine., (401) 738-4477. 

TN: Kingsport: Microproducts & Systems, (615) 
245-8081. TX: Arlington: Computer Port, 

(817) 469-1502. Arlington: Micro Store, (817) 
461-6081. Houston: Interactive Computers, 
(713) 772-5257. Houston: Interactive Computers, 
(713) 486-0291. Lubbock: Neighborhood 
Computer Store, (806) 797-1468. Richardson: 
Micro Store, (214) 231-1096. UT: Salt Lake 
City: Home Computer Store, (801) 484-6502. 
WA: Bellevue: Byte Shop Computer Store, (206) 
746-0651. Seattie: Byte Shop of Seattle. 

(206) 622-7196. Wk Madison: The Madison 
Computer Store, (608) 255-5552. Milwaukee: 
The Milwaukee Computer Store, (414) 445-4280. 
DC: Georgetown: Georgetown Computer 
Emporium, (202) 337-6545. CANADA: London, 
Ontario: The Computer Circuit Ltd., (619) 
672-9370, Toronto, Ontario: Computer Mart itd., 
(416) 484-9708. Vancouver, B.C.: Basic 
Computer Group Ltd., (604) 736-7474. 
ARGENTINA: Buenos Aires: Basis Sistemas 
Digitales, 93-1988 or 57-7177. AUSTRALIA: 
Sydney: Automation Statham, (02) 709.4144. 
BELGIUM: Bruxelles: S.P.R.L. Finncontact, 
2/345-98-95. COLUMBIA: Bogota: Video 
National, 326650. MEXICO: Mexico City: 
Industrias Digitales, (905) 524-5132. 
PHILIPPINES: San Juan. Metro Manila: Integrated 
Computer Systems, Inc., 78-40-71. SPAIN: 
Barcelona: Interface S.A., (93) 301 7851. 
SWEDEN: Stockholm: Wernor Elektronik, {0} 
8717-62-88. UNITED KINGDOM: Huntingdon, 
England: Comart, Ltd., (0480) 74356. 
VENEZUELA: Los Ruices, Caracas: Componentes 
Y Circuitos Electronicos TTLCA, 355591. 
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Sol. The small computer that won't 
fence you in. 


A lot of semantic nonsense is 
being tossed around by some of the 
makers of so-called “personal” 
computers. To hear them tell it, an 
investment of a few hundred 
dollars will give you a computer 
to run your small business, do 
financial planning, analyze data in 
the engineering or scientific 
lab — and when day is done play 
games by the hour. 

Well, the game part is true. 
The rest of the claims should be 
taken with a grain of salt. Only 
a few personal computers have the 
capacity to grow and handle 
meaningful work in a very real 
sense. And they don’t come 
for peanuts. 


Remember, there's no 
free lunch. 

So before you buy any personal 
computer, consider Sol® It 
costs more at the start but less in 
the end. It can grow with your 
ability to use it. Sol is not cheap. 
But it’s not a delusion either. 

Sol small computers are at the 
very top of the microcomputer 


spectrum. They stand up to the 
capabilities of mini systems 
costing four times as much. 

No wonder we call it the 
serious solution to the small 
computer question. 

Sol is the small computer 
system to do the general ledger and 
the payroll. Solve engineering 
and scientific problems. Use it for 
word processing. Program it 
for computer aided instruction. 
Use it anywhere you want 
versatile computer power! 


Build computer power 
with our software. 

At Processor Technology we've 
tailored a group of high-level 
languages, an assembler and other 
packages to suit the wide 
capabilities of our hardware. 

Our exclusive Extended BASIC 
is a fine example. This BASIC 
features complete matrix functions. 
It comes on cassette or ina 
disk version which has random as 
well as sequential files. 

Processor Technology FORTRAN 
is similar to FORTRAN IV and 


has a full set of extensions designed 
for the “stand alone” computer 
environment. 

Our PILOT is an excellent text 
oriented language for teachers. 


Sold and serviced only by the 
best dealers. 

Sol Systems are sold and serviced 
by an outstanding group of 
conveniently located computer 
stores throughout the U.S. 
and Canada. 

For more information contact 
your nearest dealer in the 
adjacent list. Or write Department 
B, Processor Technology, 

7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone 
(415) 829-2600. 


In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 


Processor Technology 


DYNABYTE COMPUTERS 
ARE ALL BUSINESS 
INSIDE AND OUT. 


When we designed our new small 
business computers, we meant busi- 
ness. 

As basic as that seems, it is unique. 
Just about every other microcomputer 
being sold as a small business system 
today was originally designed as a kit 
for hobbyists. 

Every design decision was made 
with quality and reliability in mind. The 
result is dependable performance and a 
solid appearance for business, profes- 
sional and scientific applications. 


FIRST SMALL SYSTEM WITH 
BIG SYSTEM STORAGE 

Many applications handle large 
quantities of information, so the DB8/2 
uses two quad density 5-inch disk 
drives with our exclusive Dual Density 
Disk Controller for up to 1.2 megabytes 
of formatted storage. That’s more 
capacity than two singie density 8-inch 
drives. 

If you need more storage, our 
DB8/4 has two 8-inch drives with up to 
2 megabytes capacity, more than any 
other dual floppy disk system on the 
market. 


OUR SOFTWARE IS 
BIG ON BUSINESS 

Dynabyte helps you get down to 
business immediately. The DB8/2 is the 
first microcomputer to offer enough 
storage capacity on 5-inch drives to 
fully utilize CP/M,* the most widely 
accepted disk operating system. We 
also supply and support BASIC, FOR- 


° CP/M is a trademark of Digital Research. 


TRAN and COBOL programming lan- 
guages. Our applications packages in- 
clude general ledger, accounts receiv- 
able, word processing and many other 
CP/M compatible programs. 

Reliability is a big consideration in 
buying a business computer, so we built 
itin. Our edge connectors meet military 
specifications, the toughest electronics 
manufacturing standard. Our regulated 
power supply is designed to meet U.L. 
standards, which means the entire sys- 
tem runs cool and dependable. And our 
cast aluminum enclosures are rugged as 
well as attractive. 


AND THE BIGGEST 
THING OF ALL 


Customer support, Our support 
starts at the factory with testing and 
bum-in programs that assure the entire 
integrated system is reliable prior to 
shipment. Our completely modular de- 
sign allows continuing support in the 
field. We maintain a bonded inventory 
of all sub-system modules which means 
we can deliver replacement sub- 
assemblies overnight nearly anywhere 
in the continental U.S. 

Dynabyte built in little things, too. 
Like a fully-populated 12-slot 
backplane, switched AC outlets for ac- 
cessories, an option for European 
power, quiet whisper fans with long-life 
metal construction, lighted indicator 
switches for Power On and Halt, a 
shielded enclosure to protect disk drives 
from electro-mechanical interference, 
and a fully enclosed power supply for 


operator safety. 

Since we didn’t cut comers in de- 
sign, the price/performance ratios of 
our systems make good business sense. 


THE INSIDE FACTS 

The DB8/2 Computer System in- 
cludes two 5-inch disk drives either 
single or double sided for up to 1.2 
megabytes of mass storage; a 4MHz 
Z-80 processing module with one 
parallel and two serial ports, an 
EPROM programmer and up to 4k 
ROM; 32k of RAM, a 12-slot fully- 
populated backplane; our exclusive 
Dual Density Disk Controller, and 
CP/M. 

The DB8/1 Computer includes a 
4MHz Z-80 processor with one parallel 
and two serial I/O ports, an EPROM 
programmer and up to 4k of ROM; 32k 
RAM, and a 12-slot fully-populated 
backplane. 

The DB8/4 Disk System, designed 
to be the mass storage companion to the 
DB8/1, includes two 8-inch floppy disk 
drives in either single or double sided 
configuration for up to 2 megabytes of 
mass storage, our Dual Density Disk 
Controller, and CP/M. 

Ali three units will be available in 
rack mount models. 

For a descriptive brochure and 
price list, call or write Dynabyte, 1005 
Elwell Court, Palo Alto, CA 94303. 
Phone (415) 965-1010. 

Or better yet, see your local dealer. 


DINABITE 


YOU CAN DEPEND ON IT. 


Circle 110 on inquiry card. 


BYTE January 1973 13 


The 6809 


Part 1: Design Philosophy 


Photo 1: Systems architects Ritter (right) and Boney review some of the 
6809 design documents. This work results in a complete description of the 
desired part in a 200 page design specification. The specification is then used 
by logic designers to develop flowcharts of internal operations on a cycle by 
cycle basis. 
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Terry Ritter 

Joel Baney 

Motorola Inc 

3501 Ed Biuvestein Blvd 
Austin TX 78721 


This is a story. It is a story of computers 
in general, specifically microcomputers, and 
of one particular microprocessor — with 
revolutionary social change lurking in the 
background. The story could well be imagi- 
nary, but it happens to be true. In this 3 part 
series we will describe the design of what 
we feel is the best 8 bit machine so far made 
by human: the Motorola M6809. 


Philosophy 


A new day is breaking; after a long slow 
twilight of design the sun is beginning to 
rise on the microprocessor revolution. 
For the first time we have mass production 
computers; expensive, custom, cottage 
industry designs take on less importance, 

Microprocessors are real computers. The 
first and second generation devices are not 
very sophisticated as processors go, but 
they are general-purpose logic machines. 
Any microprocessor can eventually be 
made to solve the same problems as any 
large scale computer, although this may 
be an easier or harder task depending on 
the microprocessor. (Naturally, some jobs 
require doing processing fast, in real time. 
We are not discussing those right now. We 
are discussing getting a big job done some- 
time.) What differentiates the classes is a 
hierarchy of technology, size, performance, 
and, curiously, philosophy of use. 

A processor of given capability has a 
fixed general complexity in terms of digital 
logic elements. Consider the computers 
that were built using the first solid state 
technology. In short, they consisted of many 
thousands of individual transistors and other 
parts on hundreds of different printed cir- 
cuit cards using thousands of connections 
and miles of connecting wire. A big compu- 
ter was a big project and a very big expense. 
This simple economic fact fossilized a whole 
generation of technology into the “big 
computer philosophy.” 

Because the big computer was so expen- 
sive, time on the computer was regarded as 
a limited and therefore valuable resource. 
Certainly the time was valuable to re- 
searchers who could now look more deeply 
into their equations than ever before. Com- 
puter time was valuable to business peopie 
who became at Jeast marginally capable of 
analyzing the performance of an unwieldy 


in 


Photo 2: 6809 logic design. Design engineer Wayne Harrington inspects a portion of 6809's processor logic blueprint at the Mo- 


torola Austin plant. The print is colored by systems engineers to partition the logic for the logic-equivalent TTL “breadboard. ” 


bureaucratic organization. And the compu- 
ter makers clearly thought that processor 
time was valuable too; it was a severely 
limited resource, worth as much as the mar- 
ket would bear. 

Processor time was a limited resource. 
But some of us, a few small groups of 
technologists, are about to change that situa- 
tion. And we hope we will also change how 
people look at computers, and how pro- 
fessionals see them too. Computer time 
should be cheap; people time is 70 years 
and counting down. 

The large computer, being a very expen- 
sive resource, quickly justified the capital 
required to investigate optimum use of that 
resource. Among the principal results of 
these projects was the development of 
batch mode multiprocessing. The computer 
itself would save up the various tasks it had 
to do, then change from one to the other at 
computer speeds. This minimized the 
wasted time between jobs and spawned the 
concept of an operating system. 

People were in the position of waiting for 
the computer, not because they were less 


important than the machine, but precisely 
because it was a limited resource (the 
problems it solved were not). 

Electronics know-how continued to de- 
velop, producing second generation solid 
state technology: families of digital logic 
integrated circuits replaced discrete transis- 
tor designs. This new technology was ex- 
ploited in two main thrusts: big computers 
could be made conceptually bigger (or 
faster, or better) for the same expense, or 
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The other major device 
needed for home compu- 
ters — the video display 
generator color TY 


interface — is presently in 


volume production. Sev- 


eral versions are available, 


many derived from the 
original Motorola archi- 
tecture, 


computers could be made physically smaller 
and less expensive. These new, smaller 
computers (minicomputers) filled market 
segments which could afford a sizable but 
not huge investment in both equipment and 
expertise. Laboratories could use them, for 
example. But most people, including scien- 
tists and engineers, still used only the very 
large central machines. Rarely were mini- 
computers placed in schools; few computer 
science or electrical engineering departments 
(who might have been at the leading edge of 
new generation technology} used them for 
general instruction. 

And so the semiconductor technologists 
began a third generation technology: the 
ability to put all the logic elements required 
to build a complete computer on a single 
chip of silicon. The question then became, 
“How do we use this new technology (to 
make money)?” 

The semiconductor producer's problem 
with third generation technology was that an 
unbelievably large development expense was 
(and is) required to produce just one large 
scale integration (LSI) chip. The best road 
to profit was unclear; for a while, customer 
interconnection of gate array integrated 
circuits was tried, then dropped. Complete 
custom designs were (and are} found to be 
profitable only in very large volumes. 

Another road to profit was to produce a 


Photo 3: 6809 emulator board. Software and systems engineers implement a 
functional equivalent of the 6809 as a 6800 program. A 6800 to 6809 crass 
assembler allows 6809 programs to be assembled and then executed as a 


check of the architectural design. 
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few programmable large scale integration 
devices which could satisfy the market needs 
(in terms of large quantities of different sys- 
tems) and the factory’s needs {in terms of 
volume production of exactiy the same 
device}. Naturally, the general-purpose com- 
puter was seen as a possible answer. 

So what was the market for a general- 
purpose computer? The first thought was to 
enter the old second generation markets; 
ie: replacement of the complex logic of 
small or medium scale integration. Control 
systems, instruments and special designs 
could all use a similar processor, but the 
designer was the key, Designers (or design 
managers} had to be converted from their 
heavy first and second generation logic 
design backgrounds to the new third genera- 
tion technology. In so doing, some early 
marketing strategists overlooked the principal 
microprocessor markets. 

Random logic replacement was by no 
means a quick and sufficient market for 
microprocessors. In particular, the design- 
in cycle was quite long, users were often 
unsophisticated in their uses of computers, 
and the unit volume was somewhat small. 
Only when microprocessors entered high 
volume markets {hobby, games, etc) did 
the manufacturers begin to make money and 
thus provide a credible reason (and funds) 
for designing future microprocessors. Natu- 
rally, the users who wanted more features 
were surprised that it was taking so long to 
getnew designs — they knew what was 
needed. 

Thus semiconductor makers began to 
realize that their market was more oriented 
to hobby applications than to logic replace- 
ment, and was more generalized than they 
had thought. But even the hobby market 
was saturable. 

Meanwhile companies continued to im- 
prove production and reduce costs, and 
competition drove prices into the ground. 
Where could they sell enough computers 
for real volume production, they wondered. 
One answer was the personal computer! 


Design of Large Scale Integration Parts 


The design of a complex large scale 
integration (LSI) part may be conveniently 
broken into three phases: the architectural 
design, the logic and circuit design/architec- 
tural review, and the layout software and 
hardware (breadboard) simulations. Each 
phase has fts own requirements. 

The architect/systems designers represent 
the use of the device, the needs of the mar- 
ketplace and the future needs of all cus- 
tomers. They propose what a specific cus- 
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Photo 4: Circuit design. 
Detailed computer simu- 
tations of the circuit under 
design yield predictions of 
on chip waveforms. Tulley 
Peters and Bryant Wilder 
decide to enhance a parti- 
cular critical transistor. 


tomer should have that could also be used 
by other customers, possibly in different 
ways. They advocate what the customers 
will really want, even if no customers can 
be identified who know that they will 
want it, that it is possible or that it is inex- 
pensive. The attitude that “I know what is 
best for you” may be irritating to most 
people, but it is necessary in order to make 
maximum use of a limited resource (in this 
case, a single LSI design). The architect 
eventually generates the design specifica- 
tion used in subsequent phases of the design. 

Logic design consists of the production of 
a cycle by cycle flowchart and the derivation 
of the equations and logic circuitry necessary 
to implement the specified design. This fs a 
job of immense complexity and detail, but 
it is absolutely crucial to the entire project. 
Throughout this phase, the specification 
may be iterated toward a local optimum of 
maximum features at minimum logic (and 
thus, cost). The architectural design con- 
tinues, and techniques are developed to 
cross-check on the logical correctness of the 
architecture. 

The third phase is the most hectic in 
terms of demands and involvement. By this 
time, many people know what the product 
is and see the resulting part merely as the 
turning of an implementation “crank.” 
lt seems to those who are not involved in 
this phase that more effort could cause that 
crank to turn faster. Since the product could 
be sold immediately, delay is seen as a real 


loss of income. In actual practice, more 
effort will sometimes ‘‘break the crank.” 

A medium scale integration logic imple- 
mentation (usually transistor-transistor logic, 
for speed) is required to verify the logic 
design. A processor emulation may require 
ten different boards of 80 medium scale 
integrated circuits each and hundreds of 
board to board interconnections. Each 
board will likely require separate testing, 
and only then will the emulation represent 
the processor to come. Extensive test pro- 
grams are required to check out each facet 
of the part, each instruction, and each 
addressing mode. This testing may detect 
logic design errors that will have to be fixed 
at all levels of design. 

Circuit design, in the context of the 
semiconductor industry, depends upon run- 
ning computer simulations (which require 
sophisticated device models) of signals at 
various nodes to verify that they will meet 
the necessary speed requirement. Transis- 
tors are sized and polysilicon lines changed 
to provide reliable worst case operation. 

Layout is the actual task of arranging 
transistors and interconnections to imple- 
ment the logic diagram. Circuit design results 
will indicate appropriate transistor sizes and 
polysilicon widths; these must now be 
arranged for minimum area. Every attempt 
is made to make general logic “cells” which 
can be used in many places across the inte- 
grated circuit, but area minimization is the 
principal concern. 


C3-SI 
by Ohio Scientific 
Possibly the world’s 
most popular 


floppy disk based 
microcomputer. 


Since its introduction in August, 1977, the Challenger Ili has 
gained tremendous acceptance in small business, educational 
and industrial development applications. Thousands of C3-S1's 
have been delivered and today hundreds of C3-S1 demonstrator 
units are set up at computer retailers around the country. 


Why has the Challenger Ill become so successful in the fiercely 
competitive microcomputer industry? Here are just a few of 
the possible reasons. 


S The Challenger III is the fastest microcomputer in BASIC 
(see “BASIC Timing Comparisons," Kilobaud, October, 1977, 
where Ohio Scientific out benchmarks all competitors). 


® The Challenger Ill is the onty computer system with a 
6502A, 6800 and Z-80 offering the programmer all popular 
micros for maximum versatility. 


» The C3 is backed by the largest base of systems level 
software for any microcomputer system including: 


For the 6502A: 

Microsoft 6 and 9 Digit BASIC 

Assembler Editor 

Word Processor 

OS8-65D Development DOS 

OS-65U End User DOS with Extended BASIC 
For Floppys 
Winchester Hard Disks 
Multi-users (Level 2) 
Distributed Processing (Level 3) 


For the 6800: 
Floppy DOS 
Assembler Editor 


For the Z-80: 
Floppy DOS 
Microsoft Disk Extended BASIC 
Microsoft FORTRAN 
Microsoft COBOL 
Macro Assembler and Editor 
And Much More 


® The C3 supports OS-65U, the ultra high performance 
virtual data memory DOS for floppys and hard disks which 
makes complex file structures like multi-key ISAM easy to use. 


® The C3 is backed by a large library of applications programs 
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and can make use of the tremendous amount of BASIC 
programs offered by independent suppliers and publishers 
because it uses Microsoft BASIC, the standard of the industry. 
Complete turnkey and custom business packages are 
available for the C3 from most OHIO SCIENTIFIC DEALERS. 


5 The C3 electronics and software are available in alternate 
mechanical configurations for special applications including 
the C3-OEM for volume users and the C3 letter series (C3-A, 
C3-B) which are optimized for use with hard disks. 


= C3 systems are always delivered ready to use with 32K 
static RAM, dual floppys for 500K bytes of on-line storage and 
an RS-232 port strappable from 75 to 19,200 baud all standard 
in the minimum configuration. 


= C3 systems offer the greatest expansion capability in the 
microcomputer industry. The C3 series supports OHIO 
SCIENTIFIC’S full line of over 40 expansion accessories, The 
maximum configuration is 768K bytes RAM, four 74 million 
byte Winchester hard disks (CD-74), 16 communications ports, 
real time clock, line printer, Word Processing printer and 
numerous control interfaces. 


® C3 systems have phenomenal performance-to-cost ratios. 
The C3-S1 base price with 32K RAM, dual floppys, RS-232 port 
complete with 8K BASIC and DOS is under $3600 and expan- 
sion accessories are comparably priced. For example, the 
CD-74, 74 million byte Winchester disk complete with interface 
and OS-65U operating system at about $6000. 

The C3 series is quite possibly so successful because it offers 
the highest hardware performance, best software support, 
most versatility and greatest expandability in the micro- 
computer systems market at nearly the lowest price in the 
industry. 


For more information, contact your local OHIO SCIENTIFIC 
DEALER or the factory at (216) 562-3101. 
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1333 S. Chillicothe Road e Aurora, Ohio 44202 
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The layout for the chip eventually exists 
only as a computer data base. Each cell is 
individually digitized into the computer, 
where it can be arbitrarily positioned, 
modified or replicated as desired. Large 
2 by 3 m (6.5 by 10 feet) plots of various 
areas of the chip are hand checked to the 
logic diagram by layout and circuit designers 
as final checks of the implemented circuit. 

When layout is complete, the computer 
data base that represents the chip design is 
sent to the mask shop (the mask is a photo- 
graphic stencil of the part used in the 
manufacturing process). At the mask shop 
precision plotting and photographic step 
and repeat techniques are used to produce 
glass plates for each mask layer. Each mask 
covers an entire wafer with etched nickel 
or chrome layouts at real chip size. (A 
typical LSI device will be between 5 by 5 
and 7.5 by 7.5 mm (0.2 by 0.2 and 0.3 by 
0.3 inches). These masks are used to expose 
photosensitive etch resist that will protect 
some areas of the wafer from the chemical 
processes which selectively add the impuri- 
ties that create transistors. 

Actual processing steps are quite similar 
for each part. But the processing itself is a 
variable, and it will not be known until 
final testing exactly how many parts will 
turn out to be saleable. Therefore, a best 
estimate is taken, and the required number 


of wafers (of a particular device) is started 
and processed. The whole industry revolves 
around highly trained production engineers, 
chemists and others who process wafers to 
highly secret recipes. Some recipes work, 
some don't. You find out which ones do by 
testing. 

Each die (ie: individual large scale inte- 
gration circuit) is tested while still on the 
wafer; failing devices are marked with a 
blob of ink. The wafer is sawed into individ- 
ual dies and the good devices placed into a 
plastic or ceramic package base. The con- 
nection pads are “die bonded” to the 
exposed internal lead frame with very tiny 
wire. The package is then sealed and tested 
again. 

Testing a device having only 40 pins 
but which has up to 40,000 internal transis- 
tors is no mean trick nor a minor expense. 
Furthermore, the device must execute all 
operations properly at the worst case system 
conditions (which may be high or low 
extremes of temperature, voltage and load- 
ing) and work with other devices on a com- 
mon bus, Thus, the device is not specified 
to its own maximum operating speed, but 
rather the speed of a worst case system. 
Motorola microprocessors can usually be 
made to run much faster (and much slower) 
than their guaranteed worst case 
specifications. 


Project Goals 


The 6809 project started life with a 
number of (mostly unformalized) goals. The 
principal public goal was to upgrade the 
6800 processor to be definitely superior to 
the 8 bit competition. (The Motorola 
68000 project will address the 16 bit mar- 
ket with what we believe will be another 
superior processor.) Many people, including 
many customers, felt that all that had to be 
done was to add another index register (Y), 
a few supporting instructions (LDY, STY) 
and correct some of the past omissions 
(PSHX, PULX, PSHY, PULY). Since this 
would mean a rather complete redesign any- 
way, it made little sense to stop there. 

A more philosophical goal — thus one 
much less useful in discussions with en- 
gineers and managers (who had their own 
opinions of what the project should be) 
— was to minimize software costs. This led 
to an extensive, and thus hard to explain, 
sequence of logic that went somewhat like 
this: 


Photo 5: Checking the flowcharts. Logic and circuit designer Bryant Wilder 
compares the specification to one of the flowcharts. The flowcharts are used 
to develop Boolean equations for the required logic; those equations are then 
used to generate a logic diagram. 


Q: How do we reduce software costs? 
A:1. Write code in a block structured 
high level language. 
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Micromation has done for the S-100 
bus what IBM did for the floppy disk. 
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Reliably doubled capacity. 


Double Capacity 


The DOUBLER — Micromation’s latest advance in floppy disk 
technology — doubles the capacity of floppy disk systerns. 
Over 500 KBytes are recorded on each side of an 8” disk. 
This means bigger files for more powerful systems. 


Double Speed 

Data transfer with the DOUBLER is twice as fast — 500 Kbits 
per second. And since there is twice as much data on each 
track, your drive steps only half as much — so your system 
runs faster than it ever has before! 


Increased Reliability 


That's right — even better reliability. Why? Because we did 
it the IBM way. IBM designed 2D formatting — so it has to 
be reliable. Micromation’s innovative, state-of-the-art de- 
sign incorporates write precompensation electronics and a 
phase lock oscillator on a single, all digital, 5-400 circuit 
board. So we guarantee the DOUBLER will be more de- 
pendable than your present single density controller — and 
we warontee the DOUBLER for a full year. 


Unbeatable Convenience 

It couldn't be easier to step up to double density. The 
DOUBLER operates automatically in either single or double 
density. Just insert o diskette ond you're running properly. You 
can tronsfer files between single or double density diskettes 
without any software or hardware changes — or even oper- 
ate with one single and one double density diskette. 


Installation is a snap. There's a hardware UART on board 


and the software is all ready to go. An onboard 2708 EPROM 
contains the bootstrap. There's even jJump-on-reset circuitry 
so you can operate without a front panel. And, of course, 
we include utilities to format diskettes. 


Universally Versatile 

The DOUBLER will operate with all industry-standard mini 
and full-sized drives. And it will work in any 8080 or 7-80 
5-100 computer operating at 2 to 4 MHz. The DOUBLER will 
support up to four double or single headed drives. 


Fully Compatible 


The DOUBLER is compatible with CP/M* version 41.4. If you 
have a CP/M" 1.4 system, just add our CBIOS — or you can 
buy our ready-to-boot version. Install the new controller, 
connect any terminal to the RS-232 interface, and boot off 
your new double-sized, double-speed system. You still can 
use all your old software without any changes. 


Completely Affordable 


All Micromation products are fully assembled, thoroughly 
tested, include complete documentation, and are priced 
for value: 


DOUBLER double density controller $ 495. 
MEGABOX dual drive double density system 2,295. 
ZEPHER — Per Sci double density system 2,595. 
Z-PLUS — MEGABOX 32 KZ-80 computer 4,295. 


Available 
The DOUBLER is available NOW at your local computer store. 


Micromation Inc. 524 Union Street San Francisco California 94133 / 415 398-0289 


 MICROMATION 


Where there's always more in store. 
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Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
“booting” with PerCom MINIDOS™, the remark- 
able disk operating system on EPROM. Expand- 
able to either two or three drives. Outstanding 
operating, utility and application programs. 


information 
see your local 
PerCom dealer 
or call 
toll free 
1-800-527-1592 


only 
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fully assembled and tested 
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PERCOM DATA COMPANY, INC. 
Dept.B 318 Barnes Garland, Texas 75042 
Sui (a14)2 272-3421 4 
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For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus controller/intertace card, and MINIDOS™, you also 
receive: 

© an attractive metal enclosure © a fully assembled and tested inter- 
connecting cable * a 70-page instruction manual that includes operat- 
ing instructions, schematics, service procedures and a complete list- 
ing of MINIDOS™ e technical memo updates — helpful hints which 
supplement the manual instructions a 90-day limited warranty. 


SOFTWARE FOR THE LFD-400 SYSTEM 
Disk operating and file management systems 


INDEX™ The most advanced disk operating and fite management 
system available for the 6800. INterrupt Driven EXecutive operating 
system features file-and-device-independent, queve-buftered 
character stream 1/0. Linked-file disk architecture, with automatic file 
creation and allocation for ASCII and binary files, supports sequential 
and semi-random access disk files. Multi-level file name directory 
includes name, extension, version, protection and date. Requires 8K 
RAM at $A000. Diskette includes numerous utilities ........ $99.95 
MINIDOS-PLUSX An easy-to-use DOS for the small computing sys- 
tem. Supports up to 31 named files. Available on ROM or diskette 
complete with source listing. ...........0sseseeceeeenwacs $39.95 
BASIC Interpreters and Compilers 


SUPER BASIC A 10K extended disk BASIC interpreter for the 6800. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below .............. $49.95 
BASIC BANDAID™ Turn SWTP 8K BASIC into a random access data 
file disk BASIC. Includes many speed improvements, and program 
AIG CTH) oce ni i r a: nora ale oielgiare orm ajaternga Wie $17.95 
STRUBAL+™ A STRUctured BAsic Language compiler for the pro- 
fessional programmer. 14-digit floating point, strings, scientific func- 
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor 
(see below). Use one of the following text editors to prepare programs. 
Complete with RUN-TIME and FLOATING POINT packages $249.95 


Text Editors and Processors 


EDIT68 Hemenway Associates’ powerful disk-based text editor. May 
be used to create programs and data files. Supports MACROS which 
perform complex, repetitive editing functions. Permits text files larger 
than available RAM to be created and edited.............. $39.95 


TOUCHUP™ Modifies TSC's Text Editor and Text Processor for Per- 
Com disk operation. ROLL function permits text files larger than 
available RAM to be created and edited. Supplied on diskette com- 
plete with source listing ............0.. cece ese e en en peers $17.95 


Assemblers 


PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options 
at time of assembly with this symbolic assembler. Source listing on 
diENGNG: -e enea Bas 5.5 tee TT oaiae DEEE mew $29.95 
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2. Distribute the code in mass pro- 
duction read only memories. 

Q: Why aren't many read only memories 

being used now? 

A: 1. The great opportunities for error 
in assembly language allow many 
mistakes which incur severe read 
only memory costs. 

2. The present architecture is not 
suitable for read only memories. 

Q: In what way are the second generation 

processors unsuitable? 

A:lt is very difficult to use a read only 

memory in any other context than 
that for which it was originally de- 
veloped. It is hard to use the same 
read only memory on systems built 
by different vendors. Simply having 
different input and output (10) or 
using a different memory location is 
usually enough to make the read only 
memory product useless. 

: What is needed? 

: 1. Position independent code. 

2. Temporary variables on the stack. 

3. Indirect operations through the 

stack for input and output. 

4. Absolute indirect operations for 

system branch tables, 


> O 


And so it went. How could we make a device 
that would answer the software problems of 
two generations of processors? How, indeed! 


Design Decisions 


Usually an engineering project may be 
pursued in many ways, but only one way at 
a time. The ever present hope is that this one 
time will be the only time necessary. Further- 
more, it would be nice to get the project 
over with as soon as possible to get on with 
selling some products. (A rapid return on 
investment is especially important in a time 
of rapid inflation.) To these honorable 
ends certain decisions are made which 
delineate the investment and risk undertaken 
in an attempt to achieve a new product. 

The 6809 project was no exception. To 
minimize project risk it was decided that the 
6809 would be built on the same techno- 
logical base as the recently completed 6800 
depletion load redesign. In particular, the 
machine would be a random logic computer 
with essentially dynamic internal operation. 
It would use the reliable 6800 type of 
storage register. Functions would be limited 
to those befitting a producible sized device. 

The 6809 part would have to be com- 
patible with the defined 6800 bus and 6800 
peripherals. This decision would extend the 
life of parts already in production and mini- 


mize testing peripheral devices for a partic- 
ular processor (6800 versus 6809). Bus 
compatibility doesn’t have to mean identity 
— the new device could have considerably 
improved specifications but could not do 
worse than the specifications for the existing 
device. This mandate was a little tricky when 
you consider that we were dealing with a 
more complex device using exactly the same 
technology, but there was a slight edge: the 
advancing very large scale integration (VLSI) 
learning curve. 

One wide range decision was that the new 
device would be an improved 6800 part. The 
widely known 6800 architecture would be 
iterated and improved, but no radical 
departure would be considered. In fact, the 
new device should be code compatible with 
the 6800 at some level. 

Compatibility was the basis for the 6809 
architectural design. It implied that the 
6809 could capitalize on the extensive 
familiarity with the 6800. 6800 program- 
mers could be programming for the 6809 
almost immediately and could learn and use 
new addressing modes and features as they 
were needed. This decision also ended any 
consideration of a radically new architecture 
for the machine before it was begun. 

A corporation selling into a given market 
is necessarily limited to moderate innovation. 
Any vast product change requires reeduca- 
tion of both the internal marketing organiza- 
tion and the customer base before mass sales 
can proceed. Consequently, designers have 
to restrict their creativity to conform to the 
market desires. The amount of change 
actually implemented, produced and seen by 
society is the true meaning of a computer 
“generation.” In the end, society itself 
defines the limits of a new generation, and 
a design years ahead of its time may well 
fail in the marketplace. 


M6800 Data Analysis 


Once the initial philosophical and market- 
ing trade-offs were made, construction of 
the final form of the M6809 began, By this 
time a large number of M6800 programs had 
been written by both Motorola and our 
customers, so it was felt that a good place to 
start design of the 6809 was to analyze large 
amounts of existing 6800 source code. Sur- 
prisingly, the data gathered about 6800 
usage of instructions and addressing modes 
agreed substantially with similar data pre- 
viously compiled for minicomputers and 
maxicomputers. By far the most common 
instructions were the loads and stores, which 
accounted for over 38 percent of all 6800 
instructions. Next were the subroutine calls 
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Instruction Class Percent Usage 


Loads 

Stores 

Subroutine calls and returns 
Canditional branches 
Unconditional branches and jumps 
Compares and tests 

Incraments and decrements 

Clear 

Adds and subtracts 

All others 


Table 1: 6800 instruction types based on 
static analysis of 25,000 lines of 6800 source 
code. In static analysis the actual number of 
occurrences of each instruction is tallied 
from program listings. In the alternate 
technique, called dynamic analysis, the 
number of occurrences of an instruction is 
tallied while the program is running. An 
instruction inside a program loop would 
therefore be counted more than once. 


and returns with 13 percent, conditional 
branches with 11 percent and unconditional 
jumps and branches with 6.5 percent (see 
table 1). Neither the arithmetic nor logical 
instructions had as high a usage as might 
have been expected. Clearly then, enhance- 
ments that would improve the utility and 
power of the data movements (such as load 
and stores) would yield the largest return on 
investment, followed by improvements to 
subroutine linkage and parameter passing. 

Further analysis indicated that the num- 
ber of load and store index register instruc- 
tions (16 bits) was too large to be attribu- 
table solely to index register manipulation 
or even to the lack of a second index register. 
This information, combined with a rela- 
tively high ratio between straight adds or 
subtracts and adds with carry and sub- 
tracts with borrow, indicated that quite a 
few simple 16 bit operations were being 
performed on existing 6800s. 

It was therefore felt the M6809 must sup- 
port the most common 16 bit operations on 
the accumulators and index registers. 

Perhaps the most interesting data was 
that which pertained to addressing modes. 
The six major 6800 addressing modes 


Table 2: Size of offsets Index Offset Percent Usage 
used in 6800 indexed ad- 


dressing, based on static 
analysis of 25,000 lines 
of 6800 source code. 
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(Direct, Extended, Immediate, Indexed, 
Relative, Accumulator) had nearly equal 
usage, which indicated that programmers 
actually took advantage of the bytes to be 
saved by direct (page zero) addressing and 
indexed addressing. Furthermore the off- 
sets for indexed instructions showed that 
93 percent of the offsets were either 0 or 
less than 32 (see table 2). 

This information was used to greatly 
expand the addressing modes (as discussed 
later) without making the 6800 programs 
require more code when converted to run 
on the 6809. Also the number of increment 
or decrement index register instructions in 
loops indicated that autoincrementing and 
autodecrementing would be beneficial. 
Autodecrementing and autoincrementing are 
similar to indexing except the index register 
used is decremented before, or incremented 
after, the addressing operation takes place, 

As all programmers and even architects 
like ourselves eventually learn, consistent 
and uniform instruction sets are used more 
effectively than instruction sets that treat 
similar resources (IO, registers or data) in 
dissimilar ways. For example, the least 
used instructions on the 6800 were those 
that dealt with the A accumulator in specific 
ways that did not apply to the B accumulator 
(eg: ABA: add B to A, CBA: compare B to 
A). It’s not that these instructions are not 
useful, it’s just that programmers will not 
use inconsistent instructions or addressing 
modes. Consistency became the battle cry 
of the M6809 designers! 


Customer Inputs 


At the completion of the 6800 analysis 
Stage, the first preliminary design specifica- 
tion for the 6809 was generated. This pre- 
liminary specification was then taken to 
about 30 customers who represented a 
cross section of current 6800 users, as well 
as some customers and consultants known 
to be hostile to the 6800. With these cus- 
tomer visits we hoped to resolve two major 
questions about the 6809's architecture: 


1) Which architecture was more desirable, 
8 bit or 16 bit? 

2) Did 6809 compatibility with the 6800 
need to occur at the object level or at 
the source level? 


Most customers felt that an 8 bit architec- 
ture was adequate for their upcoming ap- 
plications, and they did not want to pay the 
price penalty for 16 bits as long as the 6809 
included the most common 16 bit opera- 
tions such as add, subtract, load, store, com- 
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More and more, you see the North Star 
HORIZON computer at work: in busi- 
ness, research, and education. Its high 
performance qualifies the HORIZON 
for demanding professional applica- 
tions. Over 10,000 users during the 
past two years have proven that North 
Star hardware has the reliability 
for day-in, day-out computing. The 
HORIZON is now a serious candidate 
for any small system installation. 


SOFTWARE IS THE KEY 
TO HORIZON MATURITY 


North Star BASIC and DOS have been 
used to develop hundreds of com- 
mercial program packages. These 
packages establish that North Star 
software has the completeness and 
convenience necessary for serious 
program development. Because of the 
many independent vendors offering 
software using North Star BASIC and 
DOS, the HORIZON owner now has 
the widest selection of software in the 
microcomputer industry! Software 
available includes: word processing, 
general ledger, accounts payable/ 
receivable, mailing list processing, 
inventory and income tax prepar- 
ation. Program development systems 
such as assemblers, debuggers, 
editors, PILOT and FORTRAN are 
also available. 


EXPAND YOUR HORIZON 


The basic HORIZON computer in- 
cludes a Z80 microprocessor, 16K 
bytes of RAM memory, an I/O interface 
and one Shugart minifloppy disk drive. 
The HORIZON can be expanded to 60K 
bytes or more of RAM, three disk 
drives, and three I/O inter- 
faces. Performance 
can be enhanced by 
the addition of the 
North Star hardware 
floating point board. 
Also, S-100 bus pro- 
ducts from other 
manufacturers may 
be used to expand 

the HORIZON. 


For more informa- 
tion, contact your 
local computer store. 
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POINTER REGISTERS 


PROGRAM COUNTER 


ACCUMULATORS 


DIRECT PAGE REGISTER 


CC-CONDITION CODE REGISTER 


CARRY- BORROW 

OVERFLOW 

ZERO 

NEGATIVE 

INTERRUPT REQUEST MASK 
HALF CARRY 

FAST INTERRUPT REQUEST MASK 


ENTIRE STATE ON STACK 


Figure 1: 6809 programming model. 


pare and multiply. Many were interested, 
though, in Motorola’s advanced 16 bit 
processor (68000) for future 16 bit appli- 
cations. From the very inception of the 
6809 project it was a requirement that the 
6809 would be compatible with the 6800. 
Whether this compatibility needed to occur 
at the object code level or at the assembly 
language (source code) level was a question 
we felt our customers should help us answer. 
Virtually every customer indicated that 
source compatibility was sufficient because 
they would not try to use 6800 read only 
memories in 6809 systems. Most customers 
indicated that they would take advantage of 
the 6800 compatibility in order to initially 
convert running 6800 programs into running 
6809 programs, and then modify the 6809 
code to take advantage of the 6809's features. 

The decision not to be object code com- 
patible was an easy one for us since it meant 
that we could remap the 6800 op codes ina 
manner guaranteed to produce more byte 
efficient and faster 6809 programs. The re- 
mapping of op codes was greatly affected by 


the 6800 data analyses. Some low occurrence 
6800 instructions were combined into con- 
sistent 2 byte instructions, allowing the 
more useful instructions to take fewer bytes 
and execute faster. Also, some 6800 instruc- 
tions were eliminated completely in favor of 
2 instruction sequences. These sequences are 
generated automatically by our 6809 as- 
sembler when the 6800 mnemonic js re- 
cognized. This remapping in favor of more 
often used functions results in 6809 pro- 
grams that require only one half to two 
thirds as much memory as 6800 programs, 
and run faster. 


M6809 Registers 


What, then, are the pertinent features that 
make the 6809 a next generation processor? 
In the following paragraphs we will attempt 
to highlight the improvements made to the 
6800. The programming model for the 6809 
(figure 1) consists of four 8 bit registers and 
five 16 bit registers. 

The A and B accumulators are the same 
as those of the 6800 except that they can 
also be catenated into the A:B pair, called 
the D register, for 16 bit operations. 

The condition codes are similar to the 
6800, with the inclusion of two new bits, 
The F bit is the interrupt mask bit for the 
new fast interrupt. The fast interrupt (FIRQ)} 
only stacks the program counter and condi- 
tion code register when an interrupt occurs. 
The interrupt routine is then responsible for 
Stacking any registers it uses. The E bit is set 
when the registers are stacked during inter- 
rupts if the entire register set was saved (as 
in nonmaskable and maskable interrupts) 
or cleared if the short register set was saved 
(for a fast interrupt). 

On the 6800, an instruction with direct 
mode (or page zero) addressing consisted 
of an op code followed by an 8 bit vaiue 
that defined the lower eight bits of an 
address. The upper eight bits were always as- 
sumed to be zero. Thus, direct addressing 
could only address locations in the lowest 
256 bytes of memory. The 6809 adds 
versatility to this addressing mode by de- 
fining an 8 bit direct page register that de- 
fines the upper eight bits of address for all 
direct addressing instructions. This allows 
direct mode addressing to be used through- 
out the entire address space of the machine. 
To maintain 6800 compatibility, the direct 
Page register is set to O on reset. 

Four 16 bit indexable registers are in- 
cluded in the 6809. They are the X, Y, U 
and S registers. The X register is the familiar 
6800 index register, and the S register is the 
hardware stack pointer. The Y register is a 


SCELBI BYTE PRIMER. The ultimate hand- 
book about microcomputers. Edited by the ex- 
perts at SCELBI and BYTE. Over 400 pages of 
solid basic information. Describes what can be 
done with a microcomputer. How micro- 
computers work is treated thoroughly, Intro- 
duces the 6800, 8080 and Z80 CPU chip cap- 
abiities. RAM and ROM memories. Addressing 
methods, All about building your own micro- 
computer system. Programming for the begin- 
nar, Assembling programs by hand. Monitoring 
programs. Number conversions. Design your 
own assembler. Plus much more. A rea) bargain. 
JUST $10.96. Check No. 08 on order coupon. 


HARDCORE SOFTWARE UPDATE. Subscribe 
to this brand new publication. It’s published 
with you in mind — the user of small computer 
systema. You'll get six idea-packed issues per 
year. Contents include: Game programs you 
can use. Improvements for machine language 
programs. Coverage of high-level data base 
management system. Valuable tips on getting 
the most out of your system. And much 
more! The kind of info you just can't get from 
the magazines. How much are ideas worth? If 
they help you to maximize your system they 
can pay off really big. Hardcore Software 
Update is a good idea. It costs only $10 per 
year You can't beat that. Send in your sub- 
acription now! Cheek No. 10 on order coupon. 


LEARN MICRO-COMPUTERS. A new multi- 
media information package. Includes text 
(UNDERSTANDING MICROCOMPUTERS) 
plus high-quality cassette. For the beginner just 
starting in microcomputers, Covers ali the 
basics, quickly, easily and enjoyably. All the 
fundamentals behind the operation of virtually 
every microcomputer. Clear. Concise. Tells 
what to look for in buying a microcomputer. 
Companion tape includes chapter-by-chapter 
synopsis of the hook. Key review questions. Re- 
ferences to page numbera for further review. A 
great new idea for self study. ONLY $14.95. 
Check No, 06 on the order coupon. 


UNDERSTANDING MICROCOMPUTERS. Ac- 
cepted as the standard for the neophyte. 
300-page no-nonsense easy-reading text. In- 
eludes simple-to-use glossary of key micro- 
computer Worde. Gives extra knowledge for 
reading and understanding computer magazines 
and manufacturer’s literature. Contents in- 
cludes instructions for microcomputers. Ma- 
chine language programming. High level lan- 
guage. Inputfoutput devices. System con- 
siderations.  lustrates basle instructions 
from almost every class of mitroprocessor. 
Gives an introduction to BASIC, JUST $9.95. 
Check No, 07 on the order coupon, 


stern commas 
cto t tet 


TAKE MY COMPUTER .. . PLEASE! An 
uproariously funny full length book about the 
true-to-life misadventures of the author (Steve 
Ciareia) and his computer’s inability to co- 
operate. Page after page of nonsense, jollies and 
even lustrations to bring the stories to life. 
Read his attempt to beat the Jai-Alai system. 
Or, how he attempts a stock market killing but 
logs the wrong info into his broker’s computer. 
What happens when Steve sets up a computer- 
ized speed trap? Hardcover. JUST $5.95. Check 
No. 09 on the order coupon. 


PIMS — PERSONAL INFORMATION MAN- 
AGEMENT SYSTEM. Unleash the power of a 
microcomputer for your personal benefit. Use 
this data-baze management system as an alterna- 
tive to programming. All in one neatly bound 
volume: The microcomputer and its potential 
for personal use. Ways in which your micro- 
computer can be helpful in everyday life and 
serving basic personal needs. PIMS program 
listing and flowchart. 15 sample ways in which 
PIMS can work to your personal advantage. 
Written in BASIC language. Ready to use! 
ONLY $9.95. Check No. 06 on order coupon. 


SCELBI'S 8080 GALAXY GAME, Here's your 
chance to match wits against the logic of your 
8080, Search and destroy a random number of 
alien ships. But don't run out of time, out of 
fuel, out of ammunition or out of the galaxy. 
Plan your missions through 64 quadrants sub- 
divided into 64 sectors. Listing uses manu- 
facturer's recommended mnemonics. Manual in- 
cludes assembled source listing in hexadecimal 
notation. Octal dump also provided. Resides in 
just 4K of memory. Includes flow charts, illus- 
trations and lots more. ONLY $9.95. Check 
No. 04 on the order coupon. 


© SCELBI Publications 


P.O. Box 133 PP STN, Milford, CT 06460 


+18: 
| wid 


z6; 
INSTRUCTION 
HANDECOK 


tee aaee nis e 
ee SB aaaea ee 


Z80 INSTRUCTION HANDBOOK. Your com- 
plete guide to the powerful 280 instruction set. 
This handy, compact reference provides a clear 
explanation. It’s an ever ready instant reference 
that can be carried in your pocket. Explains the 
instruction set in meticulous detail, Industry 
standard mnemonics are used throughout. 
Machine codes are presented in both octal and 
hexadecimal format, A convenient index lists 
ali instructions alphabetically along with 
machine codes and timing information. A 
practical guide for the novice, Intermediate or 
advancéd programmer. ONLY $4.95. Check 
No. 08 on the order coupon. 


SCELBI’'S SOFTWARE GOURMET GUIDES 
AND COOKBOOKS, For the 8080 or 6800. 
Now you can cook up mouthwatering programs, 
Delectable “how to” facts include 73080 or 
6800 instruction sets. How to manipulate 
stacks. Flow charts, Source listings. General 
purpose routines for multiple precision opere- 
tion. Programming time delays for real time. 
And much, much more, Includes floating point 
arithmetic routines, ONLY $10.95. Check No. 
01 on the order coupon for the 8080 Cook- 
book. Cheek No. 02 for the 6800 Cookbook. 


See these publications at your favorite com- 
puter/electronica dealer, or order direct. 


IMPORTANT ORDERING INFO! Include 75¢ 
postage/handling for each item to be delivered 
by U.S. Mail book rate, or $2 for each item to 
be shipped via First Class or UPS. Hardcore 
Software Update subscription Includes postage; 
extra payment is not necessary. Prices shown 
ate for North American customers. Master 
Charge, VISA, Postal and Bank Money Ordera 
se Personal checks delay shipping up to 
wee! 


(203) 874-1573 


Please send the books indicated betow. My payment (inchuding shippingshandling charges) it enclosed, or better yat, please 


charge my Master Charge or VISA account. 


Ono. 0) Ono. 02 ()No.03 CINo.04 [JNo.05 No.08 OlNc.07 (JNo.08 C)No.09 CINo. 10 


Name {plasse print) 


az 


BYTE January 1979 29 


30 


Constant 


offset from R 


offset from R 


Autoincrement/ 
—decrement R 


Constant offset 
from program 


counter 


no offset 
5 bit offset 
8 bit offset 
16 bit offset 


A register offset 
B register offset 
D register offset 


increment by 1 
increment by 2 
decrement by 1 
decrement by 2 


8 bit offset 
16 bit offset 


- 


S535 
D237 


s 


~ 


owp 
DID 


D 
+ 


1RR00100 
ORRannnn 
1RRO1000 
1RRO1001 


7RROO110 
7RROO101 
1RRO1011 


1RRO0000 
1RR00001 
1RR00010 
1RR00011 


1XX01100 
1XX01101 


(n, PCR] 


1RR10100 


defaults to 8-bit 


1RR11000 
1RR11001 


1RR10110 
1RR10101 
1RR11011 


not allowed 
1RR10001 
not allowed 
1RR10011 


1XX11100 
1XX11101 


conn fe e 


Table 3: indexed addressing modes. All instructions with indexed addressing 
have a base size and number of cycles. The * and $ columns indicate the 
number of additional cycles and bytes for the particular variation. The post 
byte op code is the byte that immediately follows the normal op code. 
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second index register; the U register is the 
user stack pointer. All four registers can be 
used in all indexing operations and the U 
and $ registers are also stack pointers. The 
S register is used during interrupts and sub- 
routine calls by the hardware to stack return 
addresses and machine state. 

The last 16 bit register is the program 
counter. In certain 6809 addressing modes, 
the program counter can also be used as an 
index register to achieve position indepen- 
dent code. 


Addressing Modes 


It was our opinion that the best way to 
improve an existing architecture and main- 
tain source compatibility was to add power- 
ful addressing modes. In our view, the 6809 
has the most powerful addressing modes 
available on any microprocessor. Powerful 
addressing modes helped us achieve our 
goals of position independence, reentrancy, 
recursion, consistency and easy imple- 
mentation of block structured high level 
languages. 

All the 6800 addressing modes (Immedi- 
ate, Extended, Direct, Indexed, Accumula- 
tor, Relative and Inherent) are supported on 
the 6809 with the direct mode of addressing 
made more useful by the inclusion of the 
direct page register (DPR). 

The direct page register usage and direct 
addressing need some explanation, since 
they can be very effective when used cor- 
rectly. For example, since global variables 


are referenced frequently in high level tan- 
guage execution, the direct page register can 
be used to point to a page containing the 
global variables while the stack contains the 
local variables, which are also referenced fre- 
quently. This creates very efficient code 
which is safe since the compiler keeps track 
of the direct page register. The direct page 
register can also be used effectively and 
safely in a multitasking environment where 
the real time operating system allocates a 
difference base page for each task. 

On the other hand, it would be quite 
dangeraus to indiscriminately reallocate the 
direct page register frequently, such as within 
subroutines or loops, since it might become 
very easy to lose track of the current direct 
page register value. Therefore, even though 
the direct page register is unstructured, we 
included it because, when used correctly, the 
byte savings are significant. Also, to make 
direct addressing more useful, the read modi- 
fy write instructions on the 6809 now have 
all memory addressing modes: Direct, Ex- 
tended and Indexed. 

The major improvements in the 6809's 
addressing modes were made by greatly ex- 
panding the indexed addressing modes as 
well as making all indexable instructions 
applicable to the X, Y, U and S registers (see 
table 3). 

Indexed addressing with an offset is 
familiar to 6800 users, but the 6809 allows 
the offset to be any of four possible lengths: 
0, 5, 8 or 16 bits, and the offsets are signed 
two’s complement values. This allows greater 
flexibility in addressing while achieving maxi- 
mum byte efficiency. The inclusion of the 
16 bit offset allows the role of index register 
and offset to be reversed if desired. A further 
enhancement allows all of the above modes 
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60001 


NAM AUTOEX 


00003 OPT LLEN=80 

00004 # 

00005 ASHER RHE RE RHEE REREAD 

00006 * COMPARE STRINGS SUB 

00007 ‘ 

00008 * FINO AN INPUT ASCII STRING POINTED TO BY THE 

00009 * X-REGISTER IN A TEXT BUFFER POINTED TO BY THE 

00010 * Y-REGISTER. THE BUFFER IS TERMINATED BY A 

00011 * BYTE CONTAINING A NEGATIVE VALUE. ON ENTRY 

00012 * A CONTAINS THE LENGTH OF THE INPUT STRING. ON 

00013 * EXIT, Y CONTAINS THE POINTER TO THE START 

00014 * OF THE MATCHED STRING + 1 IFF Z IS SET. IFF Z 

00015 * {8 NOT SET THE INPUT STRING WAS NOT FOUND. 

00016 : 

00017 * ENTRY: 

00018 k X POINTS TO INPUT STRING 

00019 * Y POINTS TO TEXT BUFFER 

00020 : A LENGTH OF INPUT STRING 

00021 * EXIT: 

00022 + IFF Z=1 THEN Y POINTS TO MATCHED STRING + 1 

00023 ‘ IFF Z=0 THEN NO MATCH 

00024 * X IS DESTROYED 

00025 * BIS DESTROYED 

00026 K 

00027 aE EEEEEEEETEEETEEEETETER] 

00028 ‘ 

00029 0100 ORG $100 

00030 0100 E6 AO 6 CMPSTR LOB ,Y+ GET BUFFER CHARACTER 

00031 0102 2A 01 3 BPL CMP1 BRANCH IF NOT AT BUFFER END 

00032 0104 39 5 RTS NO MATCH, Z=0 

00033 0105 €1 84 4 CMP!  CMPB ,X COMPARE TO FIRST STRING CHAR. 

00034 0107 26 F? 3 BNE CMPSTR BRANCH ON NO COMPARE 

00035 * SAVE STATE SO SEARCH CAN BE RESUMED IF IT FAILS 

00036 0109 34 32 ° 9 PSHS A,X,Y 

00037 010B 30 0 5 LEAX 1,X POINT X TO NEXT CHAR 

00038 010D 4A 2 CMP2 DECA ALL CHARS COMPARE? 

00039 010E 27 0c 3 BEQ CMPOUT IF SO, IT'S A MATCH, Z=1 

00040 0110 E6 AO 6 LOB Y+ GET NEXT BUFFER CHAR. 

00041 0112 28 08 3 BMI CMPOUT BRANCH IF BUFFER END, Z=0 

00042 0114 E1 80 6 CMPB ,X+ DOES IT MATCH STRING CHAR? 

00043 0116 27 F5 3 BEQ CMP2 BRANCH IF SO 

00044 0118 35 32 9 PULS A,X,Y SEARCH FAILED, RESTART SEARCH 

00045 O11A 20 E4 3 BRA CMPSTR 

00046 011C 35 B2 11 ÇMPOUT PULS A,X,Y.PC FIX STACK, RETURN WITH Z 
7 * 

00048 0000 END 


Listing 1: 6809 autoincrementing example. This subroutine searches a text buffer for the occur- 
rence of an Input string. In autoincrement mode, the value pointed to by the index register is 
used as the effective address and the index register is then incremented, 


to include an additional! level of indirection. 
Even extended addressing can be indirected 
(as a specia! indexed addressing mode). Since 
either stack pointer can be specified as a 
base address in indexed addressing, the in- 
direct mode allows addresses of data to be 
passed to a subroutine on a stack as argu- 
ments to a subroutine, The subroutine can 
then reference the data pointed to with one 
instruction. This increases the efficiency of 
high level language calls that pass arguments 
by reference. 

M6800 data indicated that quite often 
the index register was being used in a loop 
and incremented or decremented each time. 
This moved the pointer through tables or 
was used to move data from one area of 
memory to another (block moves). There- 
fore, we implemented autoincrement and 
autodecrement indexed addressing in the 
M6809. In autoincrement mode the value 
pointed to by the index register is used as 
the effective address, and then the index 


register is incremented. Autodecrement is 
similar except that the index register is 
first decremented and then used to obtain 
the effective address, Listing 1 is an example 
of a subroutine that searches a text buffer 
for the occurrence of an input string. It 
makes heavy use of autoincrementing. 


Since the 6809 supports 8 and 16 bit 
operations, the size of the increment or 
decrement can be selected by the program- 
mer to be 1 or 2. The post increment, pre- 
decrement nature of this addressing mode 
makes it equivalent in operation to a push 
and pull from a stack. This allows the X and 
Y registers to also be used as software stack 
pointers if the programmer needs more than 
two stacks, All indexed addressing modes 
can also contain an extra level of post indi- 
rection. Autoincrement and autodecrement 
are more versatile than the block moves 
and string commands available on other 
processors. 

Quite often the programmer needs to 


Color. VP-590 add-on Color Board allows program 
control of 8briliiantcolors for graphics, color games. 
Plus 4 selectable background colors. includes 
sockets for 2 auxiliary keypads (VP-580}. $69° 


Sound. VP-595 Simple Sound Board provides 256 
tone frequencies. Great for supplementing graphics 
with sound effects or music. Set tone and duration 
with easy instructions. $247 


Music. VP-550 Super Sound Board turns your VIP into a music 
synthesizer. 2 sound channels. Program control of frequency, 
time and amplitude envelope (voice) independently in each 
channel. Program directly from sheet music! Sync provision 
for controlling multiple VIPs, multitrack recording or other 
synthesizers. $497 


Memory. VP-570 RAM Expansion Board adds 4K 
bytes of mamory. Jumper locates RAM in any 4K 
block of up to 32K of memory. On-board memory 
protects switch. $95° 


EPROM Programmer. VP-565 EPROM Programmer Board 
comes complete with software to program, copy and 
verity 5-volt 2716 EPROMs—comparable to units 
costing much more than the VP-565 and VIP put 
together! Programming voltages generated on 
board. ZIF PROM socket included. $99° 


EPROM Interface. VP-560 EPROM interface 
Board locates two 5-volt 2716 EPROMs (4K 
bytes total} anywhere in 32K of memory. 
VIP RAM can be re-allocated. $34" 


ASCII Keyboard™ Fully encoded, 128-character ASCII 
encoded alpha-numeric keyboard. 58 light touch keys 
including 2 user defined keys! Selectable upper and lower 
case. Handsomely styled. Under $507 


Tiny BASICS" VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored 

in 4K of ROM. Ready forim- 
mediate use—no joading 
necessary. This expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 additional—including 
color and sound control! 
Requires external ASCII 
encoded alpha-numeric 
keyboard. $39: 


Auxiliary Keypads. Program 
your VIP for 2-player inter- 
action games! i6-key keypad 
VP-580 with cable ($15°} 
connects to sockets pro- 
vided on VP-590 Color Board 
ar VP 585 Keyboard Interface 
Card ($10°). 


COSMAC VIP lets you add 
computer power a board at a time. 


With these new easy-to- 
buy options, the versatile 
RCA COSMAC VIP 
(CDP18S711) means even 
more excitement. More 
challenges in graphics, 
games and control func- 
tions. For everyone, from 
youngster to serious hobby- 
ist. And the basic VIP com- 
puter system starts at just $249* assembied 
and ready to operate. 

Simple but powerful—not just a toy. 

Built around an RCA COSMAC micro- 
processor, the VIP includes 2K of RAM. ROM 
monitor. Audio tone with a built-in speaker. 
Plus 8-bit input and 8-bit output port to inter- 
face relays, sensors or other peripherals. It’s 
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easy to program and operate. 
Powerful CHIP-8 interpre- 
tive language gets you into 
programming the first 
evening. Complete docu- 
mentation provided. 

Take the first step now. 

Check your local com- 
puter store or electronics 
parts house. Or contact 
RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 


“Suggested retail price, CDP18S711 does not include video monitor or cassatle recorder, 
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00071 
00012 
00013 
00014 
00015 
00016 


0100 
0106 
0104 
0106 
0108 
0109 
0108 


calculate the offset used by an indexed in- 
struction during program execution, so we 
included an index mode that allows the A, 
B, or D accumulator to be used as an offset 
to any indexable register. For example, con- 
sider fetching a 16 bit value from a two- 
dimensional array called CAT with dimen- 
sions: CAT (100,30). Listing 2 shows the 
6809 cade to accomplish this fetch. These 
addressing modes can also be indirected. 

Implementation of position independent 
code was one of the highest priority design 
goals. The 6800 had limited position inde- 
pendent code capabilities for small programs, 
but we fell the 6809 must make this type of 
code so easy to write thal most programmers 
would make all their programs position inde- 


ORG $100 
108E 1000 4 LDY #CAT LOAD BASE ADDRESS OF ARRAY 
96 32 4 LDA SUB1 GET FIRST SUBSCRIPT 
c6 64 2 LDB #100 MULTIPLY BY FIRST DIMENSION 
3D 11 MUL 
D3 33 6 ADDD SUB2 ADD SECOND SUBSCRIPT 
EC AB 9 LDO D,Y FETCH VALUE 


Listing 2: Array subscript calculations. This 6809 program fetches a 16 bit 
value from a two-dimensional array called CAT, with dimensions: CAT 
(700,30). 
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pendent, To do this, an additional long rela- 
tive (16 bit offset) branch mode was added 
to all 6800 branches as well as adding pro- 
gram relative addressing. Program relative 
addressing uses the program counter much 
as indexing uses one of the indexable 
registers. This allows all instructions that 
reference memory to reference data relative 
to the current program counter (which is 
inherently position independent}. Of course, 
program relative addressing can be indirected. 

The addressing modes of the 6809 have 
created a processor that has been termed a 
"programmer's dream machine.” To date all 
the benchmarks we have written for the 
6809 are position independent, modular, re- 
entrant and much smaller than comparable 
programs on other microprocessors. It is 
easier to write good programs on the 6809 
than bad ones! 


New or Innovative Instructions 


The 6809 does not contain dozens of new 
innovative instructions, and we planned it 
that way. What we wanted to do was clean 
up the 6800 instruction set and make it 
more consistent and versatile, We do not 
feel a processor with 500 different assembler 
mnemonics for instructians is better than 
one with 59 powerful instructions that 
operate on different data in the same man- 
ner. For example, the 6809 contains a trans- 
fer instruction of the form TFR R1, R2 that 
allows transfer of any Jike-sized registers. 
There are 42 such valid combinations on the 
6809, and clearly one TFR instruction is 
easier to remember than 42 mnemonics of 
the form: TAB, TBA, TAP, TXY, etc. Also 
an exchange instruction (EXG) exists that 
has identical syntax to the TFR instruction 
and has 21 valid forms. In the time it took 
to read three sentences you just learned 
63 new 6809 instructions! As another 
example, we combined the numerous 
instructions that set and cleared condition 
code bits on the 6800 into two 6809 instruc- 
tions that AND or OR immediate data into 
the condition code register, 

Other significant new instructions include 
the new 16 bit operations. The D register 
can be loaded, stored, added to, subtracted 
from, compared, transferred, exchanged, 
pushed and pulled. All the indexable regis- 
ters (16 bits) can be loaded, stored and 
compared. The load effective address instruc- 
tion can also be used to perform 8 or 16 bit 
arithmetic on the indexable registers as 
described later. 

Two significant new instructions are the 
multiple push and multiple pull instructions 
on the 6809. With one 2 byte instruction, 
any register or set of registers can be pushed 
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6809 STACKING ORDER 


PUSH ORDER 
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or pulled from either stack. These instruc- 
tions greatly decrease the overhead associated 
with subroutine calls in both assembly and 
high level language programs. In conjunction 
with instructions using autoincrement and 
autodecrement, the 6809 can efficiently 
emulate a stack computer architecture, 
which means it should be efficient for 
Pascal p-code interpreters and the like. 

The order in which the registers are 
pushed or pulled from the stacks is given 
in figure 2. Note that not all registers need 
to be pushed or pulled, but that the order 
is retained if a subset is pushed. This stacking 
order is also identical to the order used by 
all hardware and software interrupts. 

One new instruction in the 6809 is a 
sleeper. The load effective address to index- 
able register (LEA) instruction calculates 
the effective address from the indexed 
addressing mode and deposits that address 
in an indexable register, rather than loading 
the data pointed to by the effective address, 
as in a normal load. This instruction was 
originally created because we wanted a way 
to let the addressing mode hardware already 
present in the processor calculate the address 
of a data object so that it could be passed to 
a subroutine. After the index addressing 


modes were completed it was realized the 
LEA instruction had many more uses, and, 
once again, allowed us to combine other 
instructions into one powerful instruction. 
For example, to add the D accumulator 
to the Y index register, the instruction is: 
LEAY D, Y; to add 500 to the U register: 
LEAU 500, U; and to add 5 to the value 
in the S register and transfer the sum to the 
U register: LEAU 5, S. 

In writing position independent read only 
memory programs it is sometimes necessary 
to reference data in a table within the same 
read only memory. This is generally a 
tedious process even in computers that claim 
to support position independent code 
because the register that points to the table 
must eventually contain an absolute address. 
The LEA instruction, in conjunction with 
program counter relative addressing, makes 
this possible with one instruction on the 
6809. For example, to put the address of 
a table DG located in a relative read only 
memory into indexable register U: LEAU 
DG, PCR; or, to find out where a position 
independent read only memory is located: 
LEAY *, PCR (or TFR PC, Y). Our bench- 
marks show the LEA to be the most used 
new 6809 instruction by far. 

An unsigned 8 bit by 8 bit to 16 bit multi- 
ply was provided for the 6809. The A accum- 
ulator contains one argument and the B the 
other. The result is put back onto the A:B 
(D) accumulator. A multiply was added 
because multiplies are used for calculating 
array subscripts, interpolating values and 
shifting, as well as for more conventional 
arithmetic calculations. An unsigned multi- 
ply was selected because it can be used to 
form multiprecision multiplies. 

Another facet of good programming 
practice that we wanted to encourage was 
the use of operating system calls or soft- 
ware interrupts (SWI). The 6800 SWI has 
been effectively used by 6800 support 
software for breakpoints and disk operating 
system calls. That’s nice, but unfortunately 
there was only one software interrupt, 
and since Motorola's software used that one, 
the customer found it difficult to share. 
The 6809 provides three software interrupts, 
one of which Motorola promises never to 
use. It is available for user systems. 

One new instruction on the 6809, SYNC, 
allows external hardware to be synchronized 
to the software by using one of the interrupt 
lines. Using this instruction, very tight, fast 
instruction sequences can be created when it 
is necessary to process data from very fast 
input and output devices. Listing 3 gives 
an example of the use of SYNC. It is 
assumed that the A side of the peripheral 


Z 
senao for 
miaocomouter 
SOMA 


Some of our latest develop- Only one company sets the pace with 
ments include: software for microprocessors. 


THAT'S MICROSOFT. 


Whether it’s BASIC, FORTRAN, or 
COBOL, the largest-selling mi- 
crocomputer systems use soft- 
ware by Microsoft: 
Radio Shack, Tektronix, NCR, 
Apple, Commodore, Orr 
tel, Billings, Extensys, Im- 
sai, Ohio Scientific Cro- 
memco, ADDS, Zilog. 
Mostek, National, 
Rockwell and 


MACRO-80 PACKAGE. dur relocatable assem 


bler now has a complete MACRO facility including IRP 
IRPC. REPEAT, local variables and EXITM Listing control and 
conditional assembly have been greatly enhanced Another 
plus — the assembler is now twice as fast as previous versions 
The MACRO-80 Package. including Microsoft's Linking Loader 
and Cross Reference Program, may now be purchased separ- 
ately from FORTRAN-80,. Single copy $200 Manual M5 (MACRO- 
80 ıs included ın FORTRAN-80, Version 3.4) 


MBASIC — NEW RELEASE The new version 5.0 MBASIC in- 


cludes long variable names, variable length records, dynamic string 
space allocation, WHILE/WEND, protected files, and chaining with COM- 


MON Version 501s fully ANSI compatible Our MBASIC decumentation has many others 

teen completely rewritten and is significantly improved Single copy $350 

Manual: $20. angie 6 
NG AT IVIICTOSO 

EDIT-80 PACKAGE (CP/ M version only) The fastest text editor new things ore 

on the market No more searching through files or cryptic commands This random happening all 


occess, line-onented editor is similar fo those used on large computers like the PDP- 
40 Also includes FILCOM, the file compare utility, which allows comparison of source 
and binary files Single copy $4120 Manual 0 


ANSI '74 COBOL-80 is nowavailable with fully tested ISAM, improved interactive 
ACCEPT/DISPLAY, COPY and EXTEND Single copy $750, Manual. $20 


PREVIEW OF UPCOMING PRODUCTS an 8080/2-80 BASIC compiler sup- 

porting the same features as our interpreter, the long-awaited 8080/Z-86 APL interpre- 

ter and a complete set of systems software products for both the 8086 and Z8000 Jan 4 pall 
6 please note our 


new address: 


the time. 


All software available at single 
Dealer agreement prices 


MICROSOFT 


wO 10800 NE Eighth, Suite 819 
NS Bellevue, Washington 98004 


206-455-8080 
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Figure 3: The ASR (arith- 
metic shift right) instruc- 
tion is used as a “test and 
clear” and ST (store) is 
used for “unbusy.”’ These 
primitive operations are 
used for implementing 
critical section exclusion 
on the 6809. 


00008 0100 ORG 
00009 0100 B6 F002 5 LDA 
00010 0103 84 F7 2 ANDA 
00011 0105 B? F002 5 STA 
00012 0108 8E 3000 3 LDX 
00013 0108 c6 80 2 LDE 
00014 010D 1A 50 3 ORCC 
00015 

00016 O10F 13 2 LOOP SYNC 
00017 0110 B6 F000 5 LDA 
00018 0113 A7 80 6 STA 
00019 0115 5A 2 DECB 
00020 0116 26 F7 3 BNE 
00021 0118 86 F002 5 LDA 
00022 011B 8A 08 2 ORA 
00023 011D B7 F002 5 STA 


$100 


PIABC LOAD PIA CONTROL REG. — SIDE B 
#$F7 TURN OFF B-SIDE INTERRUPTS 
PIABC 

#BUFFER GET POINTER TO BUFFER 

#128 GET SIZE OF TRANSFER 

#$50 DISABLE INTERRUPTS 


* WAIT FOR ANY INTERRUPT LINE TO GO LOW 


SYNCHRONIZE WITH 1/0 


PIAAD LOAD A-SIDE DATA; CLEAR INTERRU 
X+ STORE IN BUFFER 

DONE? 
LOOP BRANCH IF NOT 
PIABC TURN B-SIDE INTERRUPTS BACK ON 
#508 
PIABC 


Listing 3: Hardware process synchronization using SYNC, a new instruction in the 6809 pro- 
cessor that allows external hardware to be synchronized to the software by using one of the 
interrupt lines. Very fast instruction sequences can be created using SYNC when it is necessary 
to process data from very fast input and output devices. 


interface adaptor (PIA) is connected to a 
high speed device that transfers 128 bytes of 
data to a memory buffer. When the device 
is ready to send a piece of data, it generates 
a fast interrupt (FIRQ) from the A side of 
the peripheral interface adaptor. Program 
lines 12 and 13 set up the transfer; lines 16 
through 20 are the synchronization loop. 
On each pass through the loop, the program 
waits at the SYNC instruction until any 
interrupt line is pulled low. When the 
interrupt line goes low, the processor exe- 
cutes the next instruction. In order to use 
SYNC, all other devices tied to any of the 
interrupt lines must be disabled. For this 
example it was assumed that the B side of 
the peripheral interface adaptor also had 
interrupts enabled; program lines 9 through 
11 disable the interrupt and lines 21 through 
23 reenable it. Line 14 is included to keep 
the interrupt by the A side of the peripheral 
interface adaptor from going to the interrupt 
routine. Note that interrupts do not need 
to be enabled for SYNC to work, and in 
fact are normally disabled. 

Another improvement to the instruction 
set was brought about by inclusion of the 


INSTRUCTIONS BEFORE AFTER 

asn 4 0o—e0 0000001 B 00000000 

NOT BUSY Busy 

GRANTED 

asr o—wl00000000 c] o0o000000 

BUSY ausy 

NOT GRANTED ` 

LDA #3 
TA 00000000 [e] 00000001 a] 


BUSY 
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NOT AUST 


hardware signal BUSY. BUSY is high during 
read/modify/write types of instructions to 
indicate to shared memory multiprocessors 
that an indivisable operation is in progress. 
As shown in figure 3 this fact can be used to 
turn existing instructions into the LOCK and 
UNLOCK necessary for mutual exclusion 
of critical sections of the program, or for 
allocation of resources. 

And lastly, never let it be said the 6809 
has no SEX appeal—sign extend, that is. 
The SEX instruction takes an 8 bit two's 
complement value in the B accumulator and 
converts it to a 16 bit two’s complement 
value in the D accumulator by extending the 
most significant bit (sign bit) of B into A. 

Table 4 is a convenient way to look at 
all the instructions available on the 6809. 
The notation first page/second page/third 
page has the following meaning: first page 
op codes have only one byte of op code. 
For example: load A immediate has an op 
code of hexadecimal 86. All second page op 
codes are preceded by a page op code of 
hexadecimal 10. For example, the op code 
for CMPD immediate is hexadecimal 1083 
(two bytes). Similarily third page op codes 
are preceded by a hexadecimal 11. A CMPU 
immediate is 1183. Some instructions 
are given two mnemonics as a programmer 
convenience. For example, ASL and LSL 
are equivalent. Notice that the long branch 
op codes LBRA and LBSR were brought 
onto the first page for increased code 
efficiency. 


Stacks 


As mentioned previously, the 6809 has 
many features that support stack usage. 
Most modern block structured high levei 
languages make extensive use of stacks. 
Even though stacks are useful in the typical 


SOFTWARE 
LIBRARY 


a 
= 
4 
=a 
= 
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For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 


We have been in business for over nine years building a reputa- e Virtually Machine Independent — these programs are writ- 


tion for providing a quality product at nominal prices — NOT ten In a subset of Dartmouth Basic but are not ortented for any 
what the traffic will bear. Our software Is: one particutar system. Just in case your Basic might not use 
one of our functions we have Included an appendix In Vol- 

e Versatile — as most programs allow for multiple modes of ume V which gives conversion algorithms for 19 different 
operation. Basic’s; that’s right, oard ys itup and “eg 44 ym ae: for 

e Tutorial — as each program is self prompting and leads you your particular version. If you would like to convert your 
through the pro ram most have very detailed Instructions favorite program Into Fortran or APL or any other language, 
contained right in their source code). the appendix In Volume Il will define the statements and thelr 


c hensi i PSD Anoto parameters as used in our programs. 

” Teche eaha ma Semel anaes Sga Y Over 85% of our programs in the first five volumes will execute In 

a el ag dell gy E al S da most 8K Basic’s wats 16K of free user RAM. If you only have 4K 
inverse-transforms, Windowing, Sliding Windows, simulta- Basic, because of is lack of string functions only about 60% of 
neous FFTs variable data sizes, etc. and as a last word our our programs In Volumes I through V would be useable, how- 


sofware Is: ever they should execute in only 8K of user RAM. 
* Readable — as all of our programs are reproduced full size For those that have specific needs, we can tailor any of our 
for ease in reading. programs for you or we can write one to fit your specific needs. 
Vol. | Vol. Il Vol. M Vol. IV Vol. V Vol. VI 
Business & Gomes & Binomial Beam Billing Bingo Andy Cap Ledger Maintains Company occounts and generates 
Peronal Pictures Chi-Sq. Conv Inventory Bonds Baseball financial reports. Includes routines for: Pyr, Inv 
Bookkeeping Coeft Fitter Payr) Bull Compare Deap A/R, A/P 
Programa Animals Four = Confidence! Fh Ris Enterprise Conid 10 Vol. VII 
tong aga Gomen. meaane Sag fot DP Shes Deed chalenge me 
ons on Shi funds í Dtiter cl average 
Building Bio Cycle Cure Intensity ph Funds 2 Engine falty comprehensive. Great fun tor cl chen a 
Cannons Differences Lola Switch Go-Moku Fourier unique opportunity for beginners In need of an 
ea oan Dual Piot Macro Jack Hone opponent. 
xp-Distri Max. Min. ute l 
Decision 2 ight Least Squares Novaid nn Medbil For Doctors and Dentists alike, a complete 
Depreciation Gol se ahi Optical repel a patient billing system which also permits the 
sag Une Up Plot Planet Poker Primes maintaining of a patient history record. 
m leo romo Kong E APIS A E Bem eek 
investments Sky Diver Meo E Runie Moena 2 to final copy In a variety of formats. 
Morigage Tank Stat 2 $ trian Retire Road Runner Utility Disk utility program with memory testing. 
Optimize Teach Me LDistibution lars Savings Roulette 
Pen Tee Pictures eos , a SBA Vol. Vill 
Rate A. Newman  Yodances takhare Tekce. garo 10400x Taxpayers retum, temized deductions or 
Retum $ al xY Vetior stondard 
Retum 2 
Schedule 4 Ms. Santo APPENDIX A e, Balance Reconciles bank statements 
we aes Insti o 78 reas al cost en k financed items. 
Nude [e] red on INK nS i 
Peace APPENDIX B cars, boats, etc. 
Sorte Steigh Deprec 2 — depreciation, 4 methods, any fme 
Y 
Virgin APPENDIX C — FAVORITE PROGRAM CONVERSIONS 
yoi $2495 | voiu- $2495 SS al an = $998 Vol. V — $995 vol vi— $4995 | VoL VI—$3995 | Vol. vm- $1995 
seping Engineenng | Billing, Inventory Sengal hap | patna _e ponerse. Helle a dal 
Games Poting/ reso 
Pichses Basic Statement Det. Ivedinens 
AVAILABLE AT MOST COMPUTER STORES AGa $1.50 per volume handling, all domestic shipments sent UPS, excep! APO 
nd PO. Box which reel } 1 for 
Master Charge and Bank Americard accepted. UAE tense aa SA0Ovonima r alr 
Our Software is copyrighted and may not be reproduced or sold. 10% discount on purchases of four or more volumes. 


Offer expires January 31, 1979. 


G) SCIENTIFIC RESEARCH 


PO. Box 490099-8 Key Biscayne, FL 33149 
Phone orders call 800-327-6543 Information — (305) 361-153 
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textbook example of expression evaluation, 
their major usage in languages such as 
Pascal is to implement control structures. 
Microprocessor users already realize the 
advantage of a stack in nesting interrupts 
and subroutine calls. Most high level lan- 
guages also pass data on the stack and 
allocate temporary local variables from the 
stack. 

Listing 4 and figure 4 show an example 
of a high level language subroutine linkage. 
Before calling the subroutine the caller 
pushes the addresses of two arguments and 


pointer on the stack as well as reserving 
space on the stack for the local variables 
for the subroutine. In this example, six 
locations are used by the subroutine body 
during calculation. At this point the stack 
mark pointer is set to a new value for this 
subroutine. The stack mark pointer is 
used because the § register may vary during 
execution of the subroutine body due to 
local subroutines, etc. It is much more 
convenient for the compiler to generate 
offsets to the parameters if the U is used 
for this purpose instead of the S. 


the answer on the stack and then executes 
the jump to subroutine which puts the 
return program counter on the stack. The 


Once U is set it is used to fetch the two 
arguments using indexed indirect addres- 
sing. The subroutine body presumably 
does something with the arguments and 


The complete Motorola 
6809 instruction set will be 


presented in part 2 of this 
series. subroutine then saves the old stack mark 


Table 4: 6809 op code map and cycle counts. The numbers by each op code indicate the number of machine cycles required to 
execute each instruction. When the number contains an I (eg: 4 + 1), an additional number of machine cycles equaling | may be 
required (see table 3). The presence of two numbers, with the second one in parentheses, indicates that the instruction involves 
a branch, The larger number applies if the branch is taken. The notation first page/second page/third page has the following 
meaning: first page op codes have only one byte of op code (eg: load A immediate has an op code of hexadecimal 86), Ail page 
2 op codes are preceded by a page op code of hexadecimal 10 (eg: the op code for CMPD immediate is hexadecimal 1083— 
two bytes). Similarly third page op codes are preceded by a hexadecimal 11. A CMPU immediate is 1183. Some instructions are 
given two mnemonics as a programmer convenience (eg: ASL and LSL are equivalent), Notice that the long branch op codes 
LBRA and LBSR were brought onto the first page for increased code efficiency. 
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Least Significant Four Bits 


Y =sin(X); range — 2Pi, 2Pi 


PRS Creates 
A2FP 


= X? (INT(EXP(X)); ranges are: 0,0.5—0,1.5—0,5 


A Plotting Program For Apple II 


A2FP OFFERS A WIDE 
RANGE OF FEATURES 


The APPLE II FUNCTION PLOT- 

TER is another creation from PRS. 

It is a ‘modern age” tool for stu- 

dents, engineers and researchers. 

A2FP: 

© Plots 2-dimensional functions in 
high resolution graphics. 

e Utilizes the full screen for each 
plot (260 x 180 points.) 

e Allows visual presentation of 
mathematical functions. 

s Plots on Cartesian coordinates. 

* Computes (once given the X min- 
imum and maximum values) the Y 
minimum and maximum values; 
the X and Y intervals; and the X 
and Y intercepts. 

© Can superimpose the same func- 
tion when given new coordinates. 

e Maximizes the high resolution ca- 
pabilities of APPLE II. 

e Allows normal plotting mode or Y 
factored mode to compress over- 
sized graphs. 


Circle 309 on inquiry card. 


A2FP CONTINUES THE PRS 
BREAKTHROUGH IN 
DOCUMENTATION 


PRS A2FP, The APPLE II FUNC- 
TION PLOTTER comes with a com- 
plete and instructive handbook ex- 
plaining every procedure step by 
step. This unique documentation is 
written in clear and easy-to-under- 
stand English and avoids esoteric 
technical language. 


But PRS documentation for A2FP is 
more than clear and precise instruc- 
tions in a graphically appealing 
manual. You learn at the same time. 


A2FP DOCUMENTATION HELPS 
NON-MATHEMATICIANS 


PRS inserts entire chapter in A2FP 
documentation on the fundamentals 
of mathematical functions. Their 
usefulness in demonstrated. And ap- 
plications to every day life are il- 
lustrated, 

Indeed, PRS A2FP documentation 
offers you a true fluency in com- 
puter-user dialogue. This in turn 


New Product Releases From 


PRS THE PROGRAM OF THE MONTH CORPORATION 
257 Central Park West. New York. N.Y. 10024 


Gentlemen: 


Name 

Title 
Corporation 
Address 
City 


I 
I 
l 
l 


O Please place my name on your priority mailing list to receive 
your descriptive advance releases of all new programs devel- 
oped by PRS at regular intervals. 

C Please send me a list of dealers in my area. 


i a a Á Á Å å å ēÅÁ å ť— X ť— — 


allows you to arrive at an efficient 
and effective use of your PRS A2FP 
program and microcomputer. 


A2FP IS PROTECTED IN A 
BEAUTIFUL CASSETTE-FOLDER 


The PRS cassette and manual for 
your A2FP, The APPLE II FUNC- 
TION PLOTTER, is protectively 
nestled in an efficient and durable 
gold-imprinted folder. Wherever you 
file it, in your room or office, the 
decor will be enhanced by its 
elegance. 


A2FP FROM PRS IS SUPPORTED 
by The APPLE II and uses 
APPLESOFT BASIC. 


VISIT YOUR NEAREST DEALER 
TODAY TO OBTAIN YOUR A2FP 
FROM PRS FOR ONLY $34.95 
PER CASSETTE. 


Let your dealer demonstrate the ex- 
cellence of PRS A2FP, The APPLE 
II FUNCTION PLOTTER. Or use 
the coupon below to obtain the name 
of a dealer in your area. 


State _______ Zip 


| 
l 
| 
| 
l 
l 
j 
| 
| 
| 
| 
| 
| 
| 
| 
l 
l 
l 
| 
Reference 1B9 | 
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00006 
00007 
00008 
00009 
00010 
00011 
00012 
00913 
00014 050C ED 
00015 OSOF AE 
00016 0511 EE 
00017 0513 32 
00018 0516 6E 


0500 34 
0502 32 
0504 1F 
0506 EC 
0509 AE 


Listing ¢: Use 


Table 5: Hexadecimal ad- 
dresses of the 6809 restart 


and interrupt vectors, 


Restart 
NMI 

SWI 

IRQ 
FIRQ 
SWi2 
SWIS 
Reserved 


finishes with an answer in the D register. 
The subroutine exit saves this value. I 
then puts the return address in X and 
restores the previous stack mark pointer. 
The whole stack is then cleaned up (deleted) 
and return is made to the caller. 

Motorola 6800 users should note that the 
stack pointers on the 6809 point to the last 
value pushed on the stack rather than the 
next free location, as on the 6800. This was 
done so that autoincrement and autodecre- 
ment would be equivalent to pulls and 
pushes. For example: STA , -S is equivalent 
to PSHS A; and LDA , S+ is equivalent to 
PULS A. This also means the X and Y 
registers can be used as stack pointers if the 
programmer desires, For example: STA , -X 
is a push on a stack defined by X. The 
possible ambiguity between where the stack 
pointer points on the 6800 and the 6809 
may be less of a problem than it seems, 
since the 6800's TSX becomes the 6809's 
TFR S, X without adding 1 and TXS be- 
comes a TFR X,S without subtracting 1 — 
think about it. The only danger is in pro- 
grams that used the stack pointer as an 
index register. In these programs the stack 
pointer may point one location away from 
where it did previously. 


40 6 SUBRPSHS U SAVE OLD STACK MARKER 
66 5 LEAS 6,5 RESERVE LOCAL STORAGE 
43 6 TFR SU GET NEW STACK MARKER 
D8 O0E10 LDD [14,0] GET ARGUMENT 1 
D8 0C10 LOX [12,0] GET ARGUMENT 2 

* SUBROUTINE BODY 
D8 0410 STD [10,U] SAVE ANSWER 
48 6 LDX 8U GET RETURN ADDRESS 
46 6 LDU 6,U RESTORE uv’ 
E8 10 6 LEAS 16,5 POP EVERYTHING OFF STACK 
84 3 JMP ,X RETURN 


of stacks on the 6809 processor. in this typical high tevel 
language subroutine example, U’ and S' are the mark stack pointer and 
hardware stack pointer, respectively, just prior to the call. U and S are the 
same registers during execution of the subroutine body, Before calling the 
subroutine the caller pushes the addresses of two arguments and the answer 
on the stack and then executes the jump to subroutine which puts the return 
Program counter on the stack, The subroutine then saves the old stuck mark 
pointer on the stack as well as reserving space on the stack for the local 
variables for the subroutine (see figure 4). 
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ADDRESS 
OF ARGI 
ADDRESS 
OF ARG2 
ADDRESS 
OF ANS 

RETURN 
PC 


OLD STACK 


OFFSET FROM 
STACK MARK 
tu) 10 


MARK tu'I 


LOCAL 


VARIABLES 


| H 


Figure 4: Illustration of the high level lan- 
guage subroutine example in listing 7. 


Interrupts 


The 6809 has three fully vectored hard- 
ware interrupts. The nonmaskabie interrupt 
(NMI) and maskable interrupt (IRQ) are the 
same as the 6800's NMI and IRQ. The new 
interrupt is the fast maskable interrupt, 
or FIRQ, that stacks the program counter 
and condition code register only on inter- 
rupt. Table 5 gives the addresses of the 
interrupt vectors for the 6809. 

A new signal (IACK) has been added that 
is available anytime an interrupt vector is 
fetched. This signal together with address 
bus lines Al through A3 can be used to 
implement an interrupt scheme in which 
each device supplies its own interrupt vector. 

The interrupt control and prioritization 
logic of the 6809 have been defined very 
carefully - no redundant or indeterminate 
conditions can exist when several inter- 
rupts occur simultaneously. The details 
of this interrupt structure are precisely 
defined in Motorola documentation for the 
6809. 

Part 2, entitled “Instruction Set Dead- 
Ends, Oid Trails and Apologies,” will be 
a question and answer discussion about the 
design philosophy that went into the 6809.m 


Our Two Bits 


Bit Pad Bit Pad One 
Bit Pad Bit Pad One 
Bit Pad Bit Pad One 
Bit Pad Bit Pad One 
Bit Pad Bit Pad Ome 


gum Bit Pad One 
“as, | Bit Pad Onc 


æ pe m 


Bit Pad™ is the low-cost digitizer for small computer systems. Better than a 
joystick or keyboard for entering graphic information, it converts any 
point on a page, any distance into its digital equivalents. It’s also a menu for 
data entry. You assign a value or an instruction to any location on the pad. 
At the touch of a stylus, it’s entered into your system. 


Who can use it? Anyone from the educator and the engineer to the hobbyist 
and the computer games enthusiast. The data structure is byte oriented for 
easy compatibility with small computers, so you can add a power supply, 
stand alone display, cross-hair cursor and many other options. 


Bit Pad by Summagraphics. The leading manufacturer of data tablet digitizers. 
Bit Pad. The only words you need to say when considering digitizers. 


$1,000 creativity prize. Just write an article on an original Bit Pad application 
and submit it to any national small-computer periodical. If the editors publish 
it—and the decision is solely theirs—Summagraphics will pay you $1,000. 


e 
corporation 


35 Brentwood Ave., Box 781, Fairfield. CT 06430 
Phone (203) 384-1344. TELEX 96-4348 


Dealer inquiries invited 


Ciscle 356 on inquiry card. 
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An advanced desktop data system 
for $1,995? Quitcherkiddin, TANO. 


We're not kiddin. 
Outpost 11 is exactly that. You get: 


e A ruggedly designed unit, e Mini-floppy disk drive and 


intended for heavy use controller 
e Full ASCII keyboard e BASIC software package 
e 24 x 80 character CRT e Over 20 applications packages 


e 32K bytes RAM available 


e M6800 CPU e User documentation 
Just like this, for only 


OUTPOST fY 


91995 


COMPLETE 
With Outpost 11 and the BASIC software Program MERGE and CHAIN @ON ERROR You've been waiting a long time for a Data 
package, you can: statement @ String variables and functions System with all these features at a price like 
Do full floating point BCD math @ Pro- @ Trig and math functions @ GET, PUT and this. Now its yours. No kiddin’. 
gram SAVE and LOAD with file names @ FIELD statements @ Floppy file processor. 


*Quit your kidding 


a x == a ee ae Order Form = =m =m am oe es ees ees ee ee ee ee es es ee ee ees 


Mail to: 
l Quitcherkiddin’, TANO. l'm cailing your hand. Send me Outpost 11's as de- 


l scribed in your ad. Here's my deposit of $200 each, plus $35 freight and insurance. I'll pay the é 
l balance on delivery. 174 
| Name 


l Company/Title — 


Corporation 
Shipping Address —————— 4521 W. Napoleon Avenue 
Metairie, La. 70001 


(504) 888-4884 
TWX 810-591-5229 


a a ee eee ee ee ee eee ee ee eee ee eee eee eee eee eee eee ees es ee ee ee es eee ee ee ee ee ee 
Sales Offices: Los Angeles, CA—213/426-7375 « Montreal, Canada—514/934-0000 è Boston, MA—617/969-4650 « Dallas, TX—214/ 
358-1307 © Houston, TXK—713/461-0038 èe Denver, Col.—303/841-2788 » San Francisco, CA—408/377-7001 « Chicago, IL—312/830-0060 
æ Atlanta, GA—404/252-6609 © Washington. DC—301/589-2802 a 
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|] Felep hone m CS iQGtature 
l Charge my: C American Express; O Visa; O Master Charge: # 


bo m a m m m m | 


Circte 358 on inquiry card. 
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... And the future 


THE BYTE BOOK OF COMPUTER MUSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material—all written 
for the computer experimenter interested in this 
fascinating field. 


You will enjoy Hal Chamberlin’s “A Sampling of 
Techniques for Computer Performance of Music’, 
which shows how you can create four-part melodies 
on your computer. Forthe budget minded, “A$19 Music 
Interface” contains practical tutorial information—and 
organ fans will enjoy reading “Electronic Organ Chips 
For Use in Computer Music Synthesis”. 


New material includes “Polyphony Made Easy” and 
“A Terrain Reader”. The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
“Terrain Reader” is a remarkable program that creates 
random music based on land terrain maps. 


Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans- 
form programs written in BASIC and 6800 machine 
language, multicomputer music systems, Walsh 
Functions, and much more. 


For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book. An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 


a“ ISBN 0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 


SUPERWUMPUS is an excit- 
ing computer game incorpo- 
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People’s Computer Com- 
pany. Programmed in both 
6800 assembly language and 
BASIC, SOPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS forms a dodecahedron). This is a 
PAPERBYTE™ book. 


ISBN 0-931718-03-1 
Author: Jack Emmierichs 
Pages: 56 

Price: $6.00 


TINY ASSEMBLER 6800, 
Version 3.1 is an enhancement 
of Jack Emmerichs’ success- 
ful Tiny Assembler. The origi- 
nal version (3.0) was described 
first in the April and May 1977 
issues of BYTE magazine, 
and laterinthe PAPERBYTE™ 
book TINY ASSEMBLER 
6800 Version 3.0. 


In September 1977, BYTE 
magazine published an article 
entitled, “Expanding The Tiny Assembler”. This pro- 
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
“begin” statement, a “virtual symbol table”, and a 
larger subset of the Motorola 6800 assembly language. 
All the above articles, plus an updated version of the 
users guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs’ Tiny Assembler. 


ISBN 0-931718-08-2 
Author: Jack Emmerichs 
Pages: 80 

Price: $9.00 


A walk through this book brings you into Ciarcia’s 
Circuit Cellar for a detailed look at the marvelous 
projects which let you do useful things with your micro- 
computer. A collection of more than a year’s worth of 
the popular series in BYTE magazine, Ciarcia’s Circuit 
Cellar includes the six winners of BYTE’s On-going 
Monitor Box (BOMB) award, voted by the readers 
themselves as the best articles of the month: Control 
the World (September 1977), Memory Mapped IO 
(November 1977), Program Your Next EROM in BASIC 
(March 1978), Tune In and Turn On (April 1978), Talk 
To Me (June 1978), and Let Your Fingers Do the Talking 
(August 1978). 


Each article is a complete tutorial giving all the details 
needed to construct each project. Using amusing 
anecdotes to introduce the articles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it. 


_ ISBN 0-931718-07-4 
i Author: Steve Ciarcia 
Pages: approx. 128 
Price: $8.00 


is right now! 


BASEX, anew compact, compiled language for micro- 
computers, has many of the best features of BASIC 
and the 8080 assembly language—and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTE™ book. 


Subroutines in the BASEX operating system typically 
execute programs up to five times faster than equiva- 
lent programs in a BASIC interpreter—while requiring 
about half the memory space. In addition, BASEX has 
most of the powerful features of good BASIC inter- 
preters including array variables. text strings, arithme- 
tic operations on signed 16 bit integers, and versatile 
IO communication functions. And since the two lan- 
guages, BASEX and BASIC, are so similar, itis possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 

The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro- 
grams anywhere in memory. 


ISBN 0-931718-05-8 
Author: Paul Warme 
Pages: 88 

Price: $8.00 


PROGRAMMING TECH- 
NIQUES is a series of BYTE 
BOOKS concerned with the 
art and science of computer 
programming. Itisacollection 
of the best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com- 
puter user with background 
information to write and main- 
tain programs effectively. 
The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design efficient, effec- 
tive, maintainable programs. Included is information 
concerning structured program design, modular pro- 
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 


ISBN 0-931718-12-0 
Editor: Blaise W. Liffick 
Pages: 96 

Price: $6.00 


SIMULATION is the second volume in the Program- 
ming Techniques series. The chapters deal with 
various aspects of specific types of simulation. Both 
theoretical and practical applications are included. 
Particularly stressed is simulation of motion, including 
wave motion and flying objects. The realm of artificial 
intelligence is explored, along with simulating robot 
motion with the microcomputer. Finally, tips on how 
to simulate electronic circuits on the computer are 
detailed. 

ISBN 0-931718-13-9 

Editor: Blaise W. Liffick 

Pages: approx. 80 

Price: $6.00 

Publication: Winter 1979 


RA6800ML: AN M6800 RELOCATABLE MACRO 
ASSEMBLER isa two pass assembler for the Motorola 
6800 microprocessor. It is designed to run on a mini- 
mum system of 16 K bytes of memory, a system 
console (such as a Teletype terminal), a system monitor 
(such as Motorola MIKBUG read only memory pro- 
gram or the ICOM Floppy Disk Operating Systern), 
and some form of mass file storage (dual cassette 
recorders or a floppy disk). 


The Assembler can produce a program listing, a sorted 
Symbol Table listing and relocatable object code. The 
object cade is loaded and linked with other assembled 
modules using the Linking Loader LINK68. (Refer to 
PAPERBYTE™ publication LINK68: AN M6800 
LINKING LOADER for details.) 


There is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc- 
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 


In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem- 
bler, the Assembler and sample IO driver source code 
listings, and PAPERBYTE™ bar code representation 
of the Assembler’s relocatable object file are all included. 


This book provides the necessary background for 
coding programs in the 6800 assembly language, and 
for understanding the innermost operations of the 
Assembler. 


ISBN 0-931718-10-4 

Author. Jack E. Hemenway 
Pages: 184 

Price: $25.00 


to order books see next page..... 


LINK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
torelocate modules in memory. it produces aloadmap 
and a load module in Motorola MIKBUG loader format. 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys- 
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the ICOM Floppy Disk 
Operating System), and some form of mass file stor- 
age (dual cassette recorders or a floppy disk). 


It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. In addition to the 
source code and PAPERBYTE™ bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While irnple- 
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0-931718-09-0 

Authors: Robert D. Grappel 

& Jack E. Hemenway 

Pages: 72 

Price: $8.00 

Winter 1979 


TRACER: A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of “Jack and the Machine Debug” 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYTE™ 
bar codes of the object code. 


ISBN 0-931718-02-3 

Authors: Robert D. Grappel 
& Jack E. Hemenway 

Pages: 24 

Price: $6.00 


MONDEB: AN ADVANCED M6800 MONITOR- 
DEBUGGER has all the general features of Motorola’s 
MIKBUG monitor as well as numerous other capabili- 
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility. 
The result is an extremely versatile program. The size 
of the entire MONDEB is less than 3 K. 


Some of the command capabilities of MONDEB in- 
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program- 
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca- 
tion to which control will transfer upon receipt of an 
interrupt. This is a PAPERBYTE™ book. 


ISBN 0-931718-06-6 
Author: Don Peters 
Pages: 88 

Price: $5.00 


BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de- 
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, Inc, for the PAPER- 
BYTE™ bar code representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. Individuals with 
computers based on these processors can use the 
software directly. Individuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 


ISBN 0-931718-01-5 
Author: Ken Budnick 
Pages: 32 

Price: $2.00 


Name Title 
Street City 
O Check enclosed in the amount of $ 


Please send the books | have checked. 
O Computer Music $10.00 

O SUPERWUMPUS $6.00 

O Tiny Assembler (3.1) $9.00 

O Circuit Cellar $8.00 

O BASEX $8.00 

O Program Design $6.00 


BYTE BOOKS, BYTE BOOKS logo. and PAPERBYTE 
are trademarks of BYTE Publications, Inc. 


I ae ns 


O Bill Visa C Bill Master Charge Card number 


BYTE BOOKS Division ¢ 70 Main Street e Peterborough, New Hampshire 03458 


Company 


State/Province Code 


Expiration Date 


O Simulation $6.00 

O RAG800ML $25.00 

O Link68 $8.00 

O TRACER $6.00 

C Mondeb $5.00 

O Bar Code Loader $2.00 

Add 50¢ per book to cover postage 
and handling 


Please allow 6-8 weeks for processing your order. 
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Book Reviews 


Financial Analysis and Business 
Decisions on the Pocket Calculator 

by fon M Smith 

John Wiley and Sons, New York 1976 
313 pages 

$72.95 


For many people, mathematics applied to 
their financial affairs consists of reconciling 
checking account statements, filling out in- 
come tax forms, trying to pay all their bills 
and live within their means, scheming to 
have more money, and once in a lifetime 
retirement planning, but not much more. 

When | unexpectedly received a review 
copy of Jon Smith’s second book, | thought 
it would be dull, It looked like a particularly 
thorough version of eighth grade arithmetic, 
but not difficult enough to excuse me from 
reading all of it. Fortunately, this first im- 
pression was wrong. Smith has managed to 
make the subject quite interesting, if not 
actually entertaining. Once into the book, it 
became progressively harder to put aside, 
and | was rather sorry to come to its end. 

This is essentially a guidebook to the 
mathematical aspects of scheming to make 
more money (by lawful means}, emphasizing 
how any pocket calculator {but particularly 
the ‘financial’ kind) can be of assistance. 

The chapters concerning business deci- 
sions provide a quick and fascinating intro- 
duction to decision trees, certain appli- 
cations of probability and statistics that lead 
ta systems analysis, and forecasting tech- 
niques including linear regression. Yes, some 
of the financial calculators can do linear 
regression with very few keystrokes. 

One third of the book is devoted to case- 
book examples giving complete keystroke 
sequences for a variety of calculators. Where 
appropriate, general sequences are given for 
4 function calculators of both algebraic and 
reverse Polish notation (RPN) types. Prob- 
lems involving compound interest tend to go 
beyond their capability for easy solution, 
and are often only shown salved by financial 
models, specifically the HP-22, 70 and 80, 
Novus 6020 and Rockwell 204, 

Despite the strong capabilities of their 
built-in (or hardware preprogrammed) func- 
tions, these machines are given quite a run 
for their money with some rather long pro- 
grams (keystroke sequences), Of course, the 
more expensive calculators with the most 
such functions generally have the easiest 
time of it (although not always), need the 
fewest steps, and have the least need for trial 
approximations. 
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THE BLUE BOARD 
OF HAPPINESS 


It's the new 8080 
CPU board from SSM. 
It's blue. And its loaded. 

(That's why it's happy.) 
Loaded with so many features. 
Just add an I/O board and 

you've got a computer. 


Loaded starts with 256 bytes of on-board RAM. 
Add 2K of optional on-board 2708 EPROMs. 
Then add a poweron/reset jump circuit, and the 
availabiliry of MWRITE, allowing use without a 
front panel. 

And then there's a parallel input port with 
status. And enough DIP switching to make you 
dizzy. DIP controlled addressing of PROM in 2K 
blocks—of vector jump in 2K increrments—of 
RAM in 256 byte incrernents—of input port for 
addresses 0 to 31 in decimal. 

Like all SSM boards, rhe 5-400 compatible 
CB-4 includes goid-plated edge connectors and 
Tl low-profiie sockets. And SSM support and war 
rony. Yet, even as loaded as our CB-4 is, the 
price won't leave you breathless. 


All for only $144.95. 


Available or over 100 retail locations, or direct 
from SSM, 

Video and teletype monitor programs are 
available on EPROM for only $34.95 with the 
purchase of any 55M kir. 


S5M manufactures o full line of 5-100 boards. 
For complete details, just send for our new 
FREE catalog. 


21416 Walsh Avenue 
Sanra Clara, CA 95050 
(408) 246 2707 


"We used to be Solld Srate Music. We still moke the blue boards. 
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The text emphasizes understanding of the 
necessary computations so that, if your cal- 
culator is not one of those above, a good 
understanding of its instructions should en- 
able you to modify the keystroke sequences 
as | did when needed. For simple calculators, 
Smith does not even assume you have a per- 
cent (%) key, so it is often possible to 
shorten the sequence. A brief section covers 
general principles for using programmable 
calculators. 

Much is made of the book’s interdiscipli- 
nary aspects in which Smith shows how the 
same problem is approached through differ- 
ent terminology by specialists in different 
fields. He simplifies all the financial analysis 
to five parameters: present value, future 
value, number of compounding periods, 
interest rate per compounding period, and 
amount of equal periodic payments. These 
are combined into only 12 different equa- 
tions: three each for investment yield com- 
parisons (solving for interest rate) and invest- 
ment horizon comparisons (solving for 
number of compounding periods); and two 
each for net present value analysis (solving 
for present value), growth comparison 
analysis (solving for future value) and afford- 
ability analysis (solving for amount of per- 
iodic payment). Not all financial calculators 
have all twelve equations preprogrammed. 

In the special chapters on business statis- 
tics and business systems analysis, Smith 
really seems to hit his stride, and these may 
leave you breathless. In addition, there are 
four special but more easygoing chapters on 
consumer finance, merchandising calcula- 
tions, real estate calculations and program- 
mable calculators. The four appendices are: 
the “HUD Guide to Real Estate Settlement 
Costs,” tables of binomial probabilities and 
Gaussian distributions, and some text on 
concepts of time and money (borrowed 
from Hewlett-Packard). 

The chapter on programmable calculators 
includes the only illustration of solving con- 
tinuous compounding, although this is men- 
tioned in two other places. The illustration 
uses differential equations. Surprisingly, 
Smith does not show the simple formula: 
FV = PV (en x i), where n is in years and i is 
the annual interest rate (not the usual rate 
per compounding period) as a decimal, and 
e is the base for the natural logarithms. 

There is also little treatment of calculat- 
ing errors. For instance, taking the square 
root of e for a continuous compounding 
problem, eight significant figures are needed 
in the answer to be sure of rounding to the 
nearest penny. Of two 8 place display calcu- 
lators | have at hand, one shows the square 
root of e to seven places, the other to eight. 
If logarithm and antilogarithm conversions 


are made (compared to straight power, root, 
multiplication and division processes such as 
in the power series when either method 
could be used), one or two places of accuracy 
may be lost, depending on the specific exam- 
ple and the calculator used. 

Perhaps deliberately, the author does not 
show how to compute a year’s daily com- 
pounding on the ordinary 4 function calcu- 
lator, which is easy on a 360 day basis and 
difficult for 365 days (see “Just Look at 
What a Little Calculator Can Do!", Changing 
Times, January 1977, pages 17 and 18). This 
involves raising the daily interest multiplier 
to the 360th power, a remarkable feat 
accomplished with fair accuracy on an 8 
place calculator, as long as the annual interest 
rate is not too low and not too many places 
of accuracy are needed in the answer, It is 
also possible to correct for one or two leap 
years. 

Computers can pinch pennies more easily 
than can financial calculators. On daily com- 
pounding, for example, you may never 
receive any fractional cents from day to day, 
or you may be given a full cent for half or 
more and lose each less than half, or round- 
ing may be done only at the end, | believe 
this is why different banks can offer certifi- 
cates at the same annual rate, both com- 
pounded daily, but with different effective 
annual yields. A few calculators round up or 
down, called rounding or rounding off, but 
most of them truncate the results. Truncation 
tends to produce somewhat larger calculat- 
ing errors than rounding. Some desktop cal- 
culators have a switch to allow choosing 
either when using a fixed number of decimal 
places. 

At least one scientific calculator includes 
preprogrammed financial functions. Some 
remarkably inexpensive financial calculators 
have come on the market. Programmabie cal- 
culators can be set to do financia! equations, 
but often require many programming steps. 
At least two manufacturers have combined 
the power of preprogrammed financial func- 
tions with the versatility of programmable 
keystroke sequences (the Novus 6025, Texas 
Instruments MBA), which should provide 
increased convenience and reduced likelihood 
of operator error in repetitive calculations. 

Unfortunately, some errors have crept 
into the book. If you have the first printing, 
send a self-addressed stamped envelope to 
Gerald R Galbo, editor, John Wiley and Sons 
Inc, 605 Third Av, New York NY 10016, for 
a listing of the corrections and the author's 
meticulous changes. 


John F Sprague 
143 Myrtla Av 
Allendale NJ 07401m 


Scelbi “6800” Software Gourmet Guide 
& Cook Book 

by Robert Findley 

Scelbi Computer Consulting Inc 

Milford CT, 1976 

$9.95 


l 
| 
i 
{ 


This book is the first of a series of text 
and program collections for the Motorola 
6800 produced by Scelbi Computer Con- 
sulting Inc, authors of a popular series of 
similar books for the Intel 8080. The book 
can be viewed either as an educational 
aid for 6800 users or as a source of exten- 
sively documented programs: the ratio of 
tutorial or narrative text to program listings 
and flowcharts is about 3 to 1. 

The first two chapters deal with the 6800 
instruction set and basic 6800 programming 
techniques, such as the use of page zero, 
relocatability of programs, breakpoints, and 
use of the stack. Multiple precision arith- 
metic is then covered in some depth, along 
with time delay routines and random num- 
ber generators. A full chapter is devoted 
to an extensive discussion of floating point 
routines, and another chapter to long- 
precision decimal arithmetic routines; both 
are complete with source code listings. The 
coverage of input/output and interrupt pro- 
cessing includes techniques for a ‘‘software 
UART” and a brief discussion of interrupt 
priorities. The last chapter presents sorting 
and table searching routines. Finally, six 
appendices provide useful reference infor- 
mation, including a relocatable object code 
listing of the floating point routines. 

This book would be a useful reference 
source for anyone who is developing 6800 
applications software and is highly recom- 
mended to the user who is learning assembly 
language programming on the 6800. 


Dan Fylstra 
22 Weitz St #3 
Boston MA 021348 


Here comes another high-flying 
Blue Board of Happiness from SSM. 
The VB-2 Video Board... 
it saves programming time, memory 
space, and is built to U.S. video 
standards. 


Check out all our VB-2's great features, and 

compare prices: 

* It's an I/O controlled 
video interface that 
turns a TV or commer- 


* Circuitry provided to 
drive a speaker for 
external "beep" 


pran 


(7 100 retail locations, or direct from SSM. 


cial grade monitor into 
a video terminal 


No need for another 
‘O board for key- 
board input and video 
display 

Hardware controlled 
cursor for line feed, 
carriage return, and 
backspace 


Reduced software 
overhead frees up 
more memory space 
for important data 


tone 

¢ 64 x 16 character 
display includes up- 
per case letters, num- 
bers and symbols 


. Characters can be 
switch selected for 
white on black, or 
black on white 

e Full interlace for com- 
plete compatibility 
with video stan- 
dards 


. 5-100 compatible 


Extra adjustments include adjustable character 


width, horizontal margin and vertical position 
All for only $149.95. Available at over 


T SSM manulactures a full line of S-100 boards For compiete details, 
just send far our new FREE catalog. 


==) 


2116 Walsh Avenue Santa Clara, CA 95050 (408) 246-2707 


*We used to be Solid State Music We still 
make the Blue Boards. 
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Machine Language Puzzler 


Memory Meanderings 


Christapher Strangio 
CAMI Research 

43 Bailey Rd 
Watertown MA 02172 


Address Hexadecimal Label Operator Operand 
Code 


FFFA 31 FD FF LX] SP, FFFD 
FFFD CD FD FF LOOP CALL LOOP 


Describe the operation of the following 


8080 program if: 


(a) 64 K of programmable memory is 
available, starting at location 0000 
(no read only memory or memory 
address mapped input/output is used.) 

(b) Only the top and bottom 256 bytes 
of programmable memory are avail- 
able. (Hexadecimal addresses 0000 to 
OOFF, and FFOO to FFFF.) 


Turn to page 181 for the answers, but 
not until you’ve figured out what you think 
they are. For reference materials see the 
Intel 8080 specifications or any of a number 
of books on that processor.™ 


It you wani vour machine to play. give u quality 
mint magnetic media And at Verbatim Corporation 
the whole message is quality. 

Would Victor Borge hid you? 

Far the same ol your nearest errin disiributor, 


ROWSE ALD BND COR MATIC TERMINALI CORF 
3 


TWX (HOI 304 vey 
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call tall free’ (t) 800-821-7700, Ext 
(la Missouri call 800-892-7655, Ext 515} petim 
Verbatim Co tion XP 


>HUGART pa es 


jecify 
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BYTE’s Bugs 


Functional Bug 


We received the following from F R 
Ruckdeschel: 


The author apologizes for making an 
obvious error in the coefficients shown 
on table 1 of “Functional Approxi- 
mations” (November 1978 BYTE, page 
38) for the expansion of sin(x). The 
mistake occurred in transforming the 
coefficients for the optimal series repre- 
sentation of sin(7 x/2) to the more use- 
ful sin(x) form, The transformation was 
so simple that nothing (?) could go 
wrong, The correct coefficients, to the 
digit shown, are given below. The 
accuracy of the approximation is better 
than 2 x 1077 over the range Indicated. 


MacLaurin Optimal 

Term Coefficients Coefficiants 

x 1.00000000 1,0000000 

e -0.16666667 -0.1666666 

x 0.0083333333 0.008333026 

x? -0.00019841270  -0,0001980742 

x? 0.000002755732. 0.000002601887 

x1] — -2.5052109 x 1078 

x13 1.6059045 x 10710 B 
Motor Bug 


A small bug stepped into the stepper 
motor described in “I've Got You tn 
My Scanner! A Computer Controlled 
Stepper Motor Light Scanner” (Novem- 
ber 1978 BYTE, page 86). The part 
number of the motor should be K82701- 
P2, not K82944-M1, as stated. For 
price and ordering information, contact 
North American Philips, Sales Dept, 
Cheshire CT 06401, (203) 272-0301.8 


Out of Phase 


In Leonard H Anderson's article 
“Linear Circuit Analysis” in October 
1978 BYTE, the table on page 102, 
“Complex Number Arithmetic," con- 
tains two mathematical errors: 


1. The correct formula for mag- 
nitude should be MAGN = 
AAZ + B2) 

2. The correct formula for phase 
angle should be PHA = ARCTAN 
(B/A). 


Attempting to use the formulas given 
in the article will result in chaos. 


D M Graham 

2149 Scarboro Ay 
Vancouver BC 
CANADA V5P 2L2 


Qops! Mr Graham hes detected an 
obvious error. We hope our college 
mathematics fteechers weren't looking 
.». CM 


You don't waste a second 
on “mechanics” with 
AP All-Circult Evaluators. 


You figure out the circuit you wont, 
then plug it in for testing. You decide 
to improve your layout, and you 
make your moves as quickly as you 
think them up. There's just no faster 
or easier way to build and test cir- 
cuits and circuit ideas. 

But just because breadboarding 
is now such a cinch, don't get the 
idea that you don't have electronic 
Integrity. Our solderless plug-in tie 


points ore made of a special non- 
corroding alloy. Use them as often 
as you like. 

How many tle points do you need? 
Our smallest ACE has 728, our larg- 
est has 3,648. And all of them 
accept all DIP sizes. 

Everything is quality all the way. 
You can even see the difference 
in our harder, shinier plastic matrix. 

See for yourself. Phone (toll-free) 
800-321-9668 for the address of your 
nearby A P Products dealer. And 
ask for our complete A P catalog, 
The Faster and Easier Book. 


AP PRODUCTS 
INCORPORATED 


Box 110 D » 72 Corwin Drive 
Painesville, Ohio 44077 

Tel. 216/354-2101 

TWX: 810-425-2250 


Faster and Easier is what we're all about. 
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The fetter from Olav Naess (Technical 
Forum, August 1978 BYTE, page 12) sug- 
gesting the use of the data in and data oul 
lines of the S-100 bus as a bidirectional data 
bus was especially interesting in light of the 
announcement of a commercial product that 
operates this way, and adoption of this 
mode of 16 bit operation in the proposed 
standard for the 5-100 bus. 

In August 1977, | was involved in design- 
ing the prototype of a processor board that 
interfaced the Texas Instruments TMS9900 
16 bit processor to the 5-100 bus. Since the 
design was to work with most existing 5-100 
boards, it included logic to multiplex the 
16 bit data transfers imo pairs af conven- 


S-100 Bus Extension 


tional & bit memory cycles. Since perform. 
ing this multiplexing impased a substantial 
performance penalty on the processor coum- 
pared to operation with 16 bil parallel mem- 
ories, | wanted to allow the processor to also 
work with 16 bit wide memories, ideally 
intermixed with normal 5-100 memories. 

After discarding several schemes such as 
having a separate 16 bit wide bus alung the 
top of the card, and splitting the bus inte 
two separate mother boards, | hit on the 
idea of using the data in and data out buses 
as a bidirectional bus. The final design was as 
follows, 

At the start of a memory cyele, the pro- 
cessor asserts a line, informing the memory 
that the processor is capable of 16 bit trans- 
fers. If the memory addressed is also capable 
of 16 bit operation, it responds with a signal 
informing the processor of this fact, When 
the processor sees the 16 bit mode reply 
from the memory, it initiates a parallel 16 bit 
transfer instead of the normal pair af & bit 
transfers. Since a conventional & bit 5-100 
memory is nol connected to the 16 bit reply 
line, and the processor pulls this line to the 
8 bit value, normal & bit memories will run 
with the processor with no modifications in 
multiplexed mode. 

The processor's 16 bit request line allows 
the design of memories that operate in either 
8 or 16 bit mode. Such design is desirable 
because memories so designed can De used 
both with regular 8 bil processors or with 
the new 16 bil processors. Also, such a mem- 
ory is required in order ta use an 8 bit direct 
memory access device in a system with a 
16 bit processor and memory. 


The Marinchip Systems M9900 processor 
was designed to run in the manner described 
above. A prototype of the processor with 
16 bit mode operation was tested in January 
1978, and the production model of the pro- 
cessor was demonstrated at the West Coast 
Computer Faire in March 1978, running 
with mixed 8 and 16 bit memories and an 
8 bit direct memory access disk controller. 
At the Faire, our scheme for 16 bil opera- 
tion was presented at the $-100 standards 
mecting, The S-100 standards committee 
later adopted it in the proposed standard. 

The bidirectional 16 bit bus proposal, as 
integrated into the proposed standard, has 
many advantages. lt requires no new hard- 
ware signal routing (compared to a separate 
16 bil bus, or a split mother board). It re- 
quires only twa new bus lines: the 16 bil 
request from the processor, and the 16 bit 
acknowledgement from the memory, Finally, 
and most importantly, it allows a smooth 
transition from a primarily 8 bit world to 
the coming 16 bit era. Users’ investment in 
8 bil memory, input/output, and direct 
memory access devices is protected, as these 
devices continue to run without modifica- 
tion, while 16 bit processors and devices can 
be added as they become available. The 16 
bil processor, when executing out of 16 bit 
memory, operates at its Tull rated speed, 

To answer the objections raised to this 
proposal by John C McCallum in the same 
issuc, allowing 8 bit memory boards to oper- 
ale in their original mode allows them to 
work with a 16 bit processor with no prob- 
lems. IF a memory boad works with an 
8080, a will work in & bu mode with the 
new processor, Processor Technology's paral- 
lel bus affects only the SOL computer, as far 
as | know, and not any of their accessory 
boards, In any case, their 3P+S, VDM-1, and 
&8KRA memory work fine with the M9900 
processor. Since the SOL has the processor 
integrated in the system rather than on a 
separate card, users are not likely to change 
it anyway. Finally, nobody expects anybody 
to rewire anything under the 16 bit proposal. 
the most attractive facet of the proposal is 
that it allows existing hardware to run as il 
does now, while allowing new hardware to 
run with unimpaired performance. 

If the $-100 bus is to remain the dominant 
bus for modular system construction, it Must 
accommodate the existing and forthcoming 
16 bit processors. | feel the proposed 16 bit 
standard is the best route to this goal,m 


REFERENCE 


Morrow, G, and Fullmer, H, “Proposed Standard 
for the S-100 Bus,” Computer, May 1978, page 84. 
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Russell F. Roth, President, Roth Computer Processing, Indianapolis, IN: “Bookkeeper 
and Autoscribe are flexible enough for almost any business application. MicroSource 
narrows the applications gap between micros and the other guys... refreshing for 
packaged systems.” 


Chuck Faso, Owner, Computerland of Niles, IL: “You cannot find more for your money 
anywhere. Autoscribe is the easiest to operate I've seen. It does everything you would 
want to do with word processing. There's just no competition at this price.” 


Norm Dinnsen & Dave McDonough, Owners, Computerland of San Diego: “We like to 
sell systems we can depend on. That's why we sell MicroSource. MicroSource software is 
more business-oriented, the systems are a lot cleaner and they use good dependable 
equipment. 


“MicroSource has the best documentation we've yet to see. Bar none. We're looking 
forward to more MicroSource packages,” 


Autoscribe — The Paperwork Manager”. Bookkeeper — The Office Accountant". 
Here's the lowest-cost answer to your Now you can use the same system used by 
office paperwork problems. And. the only CPA firms to prepare your monthly state- 
word processor that’s also a small business ments. What used to take you days now 
computer. Less than $8,000 (under $200/ takes just hours. Just $7595 (under $200/ 
mo. on a financing lease) with a North Star- mo. on a financing lease) with a North Star- 
based system (sugg. list). based system (sugg. list). 


micro SOURALE 


1425 W. 12th Place « Tempe, Arizona 85281 © (602) 894-9247 è Cable: MICROAGE 
Telex: 165 033 


The following are trademarks of The Phoenix Group, Inc. MicroSource, Auloscribe, Bookkeeper 
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Security System 
for Your Home 


Glarcia’s 


Circuit Cellar 


“Steve? Lloyd? How did you get in?” 
| jumped back in my swivel chair in surprise 
as they approached, 

“Joyce let us in.” 

It wasn’t unusual for Steve and Lloyd to 
drop over. We've been friends and fellow 
computer buffs for years. The surprising 
part was that they hadn't scen my new base- 
ment since | had moved and they decided 
not to wait for an invitation. 

“Boy, when you said you moved to the 
woods, you really meant iL” | was sure that 
a weslern Long Islander like Lloyd probably 
considered more than three trees and a 
hedge in a yard a forest, but J did have to 
admit that the last 100 yards along my dirt 
road was a real killer. "How do you plan to 
get out of here in the winter?” 

A picture of Nanook of the North com- 
plete with dogsled and team flashed into my 
mind. | felt the cold wind blowing in my 
face and frosty icicles forming in my bushy 
beard. Protecting my eyes from the blizzard 
conditions with a heavily gloved hand, I 
searched the horizon for the faint wisp of 
smoke rising from a chimney thal would 
provide some respite from the harsh winter. 
The whip in my other hand was glazed with 
ice and no longer produced the crisp snap 
thal was necessary Lo command Lhe atten- 
tion of the lead sled dog. The iciness envel- 
oped me and began to cloud my conscious- 
ness. | could only hope that instinctual 
survival reactions would be triggered in 
time... 

“Steve! Whal are you going lo do in the 
winter?” Lloyd repealed, breaking me from 
my trance. 


Steve Ciarcia 
POB 582 
Glastonbury CT 06033 


Software consulting by Steve Sunderland 


Part 1 


Thoughts of my arctic ordeal instantly 
dissolved and the true answer came to mind. 
“A Jeep came with the house. Come over 
when it snows and I'll show you how io 
plow a road.” 

Lloyd shuddered, The thought of being 
bounced around in a Jeep while plowing a 
rutted dirt road was more than he could 
take. “No thanks. Maybe I'll watch — from 
inside!” . 

Before | could discuss the merits of 
mechanized dogsieds and their relationship 
to my fantasy, Steve asked a question I had 
becn concerned about but had not yet re- 
solved. "Have you thought of a security 
system for this place?” 

“Actually, I’ve done more than think 
about it, I’ve started to design one.” | was 
aware of my new isolation, and while crime 
was an important consideration, any security 
system | designed would do far more than 
just ring an alarm bell. 

“Yeah! You ought to see the system | 
have,” Lloyd piped in. “It cost a fortune, 
but anybody breaking a window or opening 
a door will set it off. It automatically dials 
the police too.” 

“Lloyd, I’ve been to your house. It's 
wired like Fort Knox! You’ve gat foil tapes 
on every window like a jewelry store. This 
house is a contemporary, if you didn’t no- 
tice as you entered. Do you realize how 
much glass there is in the livingroom alone?” 

‘It’s a pretty foolproof method,” he 
answered as though not hearing my question. 

“Well... ,'' I continued, “there are over 
300 square feet of glass in that one room. 
All | need is 300 square feet of strips. And 
didn’t you say you often had false alarms in 
the spring and fall when the temperature 
variations induced cracks in the tapes?” 

“Hold it Steve. Lloyd was only talking 
about one possibility. You don't have to 
install the same system. In fact there must 
be dozens of commercial burgler alarms you 
could have installed.” 

Steve was right. “l'm sorry guys. Moving 
out here in the woods has painted out the 
need for self-sufficiency and independence. 
Thats why I have the wood stove over there. 
I'm even going to install an auxiliary gener- 


ator to power the water pump and lights. 
The only item I haven't settled yet is the 
security system.” 

“Isnt ita simple matter of stringing some 
door and window switches, an on/off key 
switch, and an automatic dialer?” 

“Sure Steve, if I wanted a simple burglar 
alarm. You should know me better than 
that, though. Reasonably priced commercial 
systems are nothing more than what you’ve 
described. As soon as you add time related 
activations, battery backup, intrusion sens- 
ing to cover approach roads and surrounding 
property, and a decision making capacity 
from the alarm controller, dedicated logic 
becomes too expensive.” 

“What kind of system do you have in 
mind?” inquired Lloyd. 

“Actually | haven’t finalized all the de- 
tails, but the system | want would do things 
like turn on the outside lights as | drive up 
to the house, activate 115 VAC appliances 
in either a preprogrammed sequence or ran- 
domly, have display panels in the bedroom 
and down here in the basement to track 


SECURITY SYSTEM OUTPUTS 
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anyone approaching the house, and of 
course all the usual fire and burglar alarm 
functions.” 

"Wow, Steve!” Lloyd’s eyebrows rose a 
little as the security system was unveiled. 
“That would take a computer!” 

Exactly!” | exclaimed. 

Steve looked at me, then at the big (by 
microcomputer standards) computer to my 
left. His technical mind did a quick calcu- 
lation on the battery backup requirements 
for my 64 K dual disk computer system. 

“| suppose you've laid in a separate 
power feeder from the Grand Cooley Dam 
to keep this dinosaur running?” he said. 

“Don’t be funny. The computer | 
propose to use is a single board micro- 
computer, programmed to provide the 
sophistication | want but versatile enough 
to allow logic changes and easy hardware 
expansion.” | reached into the drawer be- 
hind me and pulled out a foot square pop- 
ulated printed circuit board and passed it 
to Steve. “Here’s the computer.” Both 
Steve and Lloyd eyed the odd looking 


Figure 1; Pictorial diagram 
of computer controlled 
home security system. 
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Figure 2: Block diagram of computerized home security system. 
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circuit. “Its an Intel SDK-85 kit which 
uses an 8085 processor. With a little addi- 
tional programmable read only memory 
to store the program, some ultrasonic and 
infrared sensors, contact switches at strategic 
locations, a house wired for remote AC 
control of lights and appliances, and about 
a mile of wire, l'Il be in business. | only 
pray for divine inspiration as | sit down to 
assemble the program.” 

“Hey, this sounds fascinating. Why not 
a computer controlled security system!” 
Steve seemed more elated at the prospects 
of my design than | did. He was a control 
systems engineer by trade; | could sense he 
was already writing the control algorithms 
in his mind, 

“You wouldn't want to help me write 
the software would you?” | asked. 

“Sure, sounds like fun.” 

“Only you would consider writing soft- 
ware fun.” Lloyd pointedly remarked to 
Steve. “I’m more interested in the hard- 
ware.” Turning to me he continued. “Tell 
me about your design. Is the SDK-85 inex- 
pensive enough to dedicate to an alarm 
system? What kind of a battery backup 
supply are you making? What kind of 
sensors are you putting outside on the roads? 
Did you add that infrared scanner you 
already wrote about?” 

“Hold it guys. One question at a time. 
Maybe I'd better start from the beginning." 


Anatomy of a Computerized 
Security System 


The primary requirement for the hard- 
ware and software used to implement a 
sophisticated home security system is flex- 
ibility. Considerable flexibility is required to 


BATTERY 


allow you to structure a system which exe- 
cutes a variety of functions. These functions 
include not only the menial tasks of noti- 
fying residents that an intruder has entered 
the home and signaling the authorities, but 
also those activities necessary to enhance 
one’s "quality of life. Such items include 
starting the electric percolator al the proper 
time each morning or turning on the cooling 
system in the wine cellar when the temper- 
ature goes above 64°F, 

The system to be introduced in this 
article and detailed in the next two BYTEs 
has the hardware and software features of a 
sophisticated home control) and security 
system, a system which may also be adapted 
to perform some of the basic routine contro] 
functions you may want to perform around 
the home or office (see figures 1 and 2). It 
has three major components: 


1) The microcomputer and its associated 
hardware. 

2) Event-table-driven software set. 

3) A sophisticated array of sensors. 


Each of these items will be detailed in the 
succeeding sections of this series. Part 2 will 
describe the Intel SDK-85 single board com- 
puter which satisfies the intelligence require- 
ments of the security system, the hardware 
modifications necessary to add additional 
programmable and erasable programmable 
memory to the SDK-85 kit, and a descrip- 
tion of the various control modules com- 
prising the software set of the system. The 
third article of the series will discuss sensor 
design, uninterruptable power supply re- 
quirements, design and construction of an 
indicator panel to display monitored con- 
ditions, and, finally, example software that 


TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 


Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists’ changing needs. 


TARBELL 
CASSETTE INTERFACE 


Plugs directly into your IMSAI or ALTAIR” 

Fastest transfer rate: 187 (standard) to 540 bytes/second 
Extremely Reliable—Phase encoded (se!f-clocking) 

4 Extra Status Lines, 4 Extra Control Lines 

37-page manual included 

Device Code Selectable by DIP-switch 

Capable of Generating Kansas City tapes also 

No modification required on audio cassette recorder 
Complete kit $120, Assembled $175, Manual $4 

Full 6 month warranty on kit and assembled units 


ANNIE ITTY 


TARBELL FLOPPY DISC 
INTERFACE 


s Plugs directly into your IMSAI or 
ALTAIR* and handles up to 4 
standard single drives in daisy- 
chain. 

e Operates at standard 250K bits 
per second on normal disc format 


capacity of 256K bytes. a rH tire 


s Works with modified CP/M* sana 
Operating System and BASIC-E =e 
Compiler. “a 
Hardware includes 4 extra IC 
slots, built-in phantom bootstrap (xia gaan sane 
and on-board crystal clock. Uses P OOA Ts 
WD 1771 LSI Chip. Ne ae 

¢ Full 6-month warranty and exten- 

sive documentation. 
© PRICE: CP/M with BASIC-E Compatible Disc Drives 


Kit $190 ...... Assembled $265 and manuals: $100 Ask about our disc drives priced as low as $525. 
. ger a. 


e Gold plated edge pins 

e Takes 33 14-pin ICs or 

e Mix 40-pin, 18-pin, 16-pin and 

14-pin ICs 

e Location for 5 volt regulator 

e Suitable for solder and wire wrap 
1 ° ALTAIR/IMSAI compatible 

Hy Price: $28.00 
For fast, off the shelf delivery, all Tarbell Liners products may be purchased from computer store dealers 

across the country. Or write Tarbell Electronics direct for complete information. 


* ALTAIR is a trademark/ tradename of MITS. Inc. 
CP/Mis a trademark/ tradename of Digital Research 


TARBELL 
PROTOTYPE 
BOARD 


Model 1010 


j f y 
(r : A 950 DOVLEN PLACE e SUITE B + CARSON, CALIFORNIA 90746 
faa S (213) 538-4251 e (213) 538-2254 
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Photo 1: The intel SDK- 
8&5 single board computer, 
that forms the heart of 
the computer controlled 
security system described 
in this article. Note the 
additional erasable read 
only memory and pro- 
grammable memory added 
in the prototyping section 
at upper left. For more 
information about the 
SDK-85, contact Intel, 
3065 Bowers Av, Santa 
Clara CA 95051, atten- 
tion: Rob Walker. 
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demonstrates the versatility and ultimate 
capability of a computer controlled security 
system. 

By this time you may be wondering why 
| used an Intel SDK-85 microcomputer in 
building this system. Before | answer this 
question, let’s discuss the general require- 
ments. 

A computer home security system’s link 
with the real world is its sensors. The sens- 
ing devices must be small, reliable, low 
power, and capable of detecting exceptional 
sound, light and motion. No single device 
| used was capable of detecting changes in 
these three conditions, with the exception of 
the infrared scanner described in a previous 
article (see ‘I’ve Got You in My Scanner! A 
Computer Controlled Stepper Motor Light 
Scanner,” by Steve Ciarcia, November 1978 
BYTE, page 76). A variety of single function 
sensors provided the necessary inputs: ultra- 
sonic devices to sense motion within the 
monitored area, pressure switches to moni- 
tor the removal or the addition of a mass 
(such as a foot on the stairs to the Circuit 
Cellar), photoelectric devices to detect 
movement between monitored points, and 
an array of contact closures to signal the 
opening and closing of strategic doors and 
windows, 

All inputs to the computer are designed 
to be discrete in nature. That is, they exist 
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as switched outputs and appear to the com- 
puter as ejther a high or low logic level in 
the activated state, depending on the partic- 
ular sensor. The majority of the sensors have 
relay outputs and can be wired in series 
or parallel combinations to cover wide 
areas or to give redundant indication. An 
illustrative example is using the series 
combination of an ultrasonic and infrared 
sensor to cover large open areas. The failure 
or false indication of a single input will 
not cause a false alarm, since both sensors 
must have a positive “intruder” presence. 
In effect, the signals from the two devices 
are logically ANDed. More on these tech- 
niques when we discuss sensors. 


The Alarm Contains More 
Than a Switch and a Bell 


Functions other than the detection of 
intrusion have been incorporated in the sys- 
tem. These functions are centered on the 
safe operation of the home or office, and 
are used to detect the status of sump pumps, 
refrigeration systems and water pumps. 
Failures of these devices are detected by 
the system again via simple contact closures. 
The detection of smoke and fire has been 
incorporated into the system for the pro- 
tection of the property and its occupants. 

Figure 3 is the floor plan of a contem- 


+ Increase your personal capabilities 
»Save money 

- Improve your ability to plan 

+ Locate important facts quickly 


= «Eliminate the drudgery of routine 
chores 


These all add up to a better life style 
for you! A new way of living which 
can be more pleasant, bring you more 
happiness and success. 


Information. That's the key. Your 
command of information is what gives 
you the power to succeed. 


Information For What? 


Á Information you need to make deci- 

sions... to solve problems .. . to seek 
creative solutions in real life situations. 
Infermation that when under your con- 
tro! will amplify your personal abilities. 


You've Heard of the Information 
Explosion? 


Now it’s time for an explosion in your 
personal capacity to deal with a wealth 
of information. The personal computer 
is the answer. And now the means is 
available for you to use it to your 
personal advantage. 


Can a Computer Really Do h? 


= You bet it can! The power of a per- 
sonal computer is fantastic. Untold 
mounts of information can be pro- 
cessed in the blinking of an eye. Chores 
you've found laborious can be done by 
your simple command. Facts that have 
_ taken hours to find can now be located 
“at the snap of your finger. That's 
what a personal computer can do .. . 


| if YOU know how! 


YOU? Yes, you! You need to have the 
know-how to unleash the power of the 
microcomputer for your benefit. 


Until now only the programmers and 
designers could make such profitable 
use of the personal computer, PIMS — 
the Personal Information Management 
System — has changed that. You 
don’t have to be a programmer to use 
PIMS. PIMS is a program which you 
type into a personal computer. Then 


introducing... 


R NEW LIFE STYLE! 


Discover How to Improve 
Your Personal Abilities 


An amazingly powerful application of a computerized personal 
information management system. In handy booklet form. 


it’s just a matter of following the in- 
structions for setting up your own 
tasks for computer assistance. 


Can It Really Be That Easy? 


Sure. That's the beauty of a program 
for information management. It’s 
an alternative tu programming from 
your standpoint. All you do is define 
the job you want the microcomputer 
to do. Express yourself in simple com- 
mands and statement. Then the micro- 
computer plus PIMS does the rest. 


What Can It Do? 


PIMS will enable you to function with 
increased effectiveness. Use it to 
balance your check book. It can keep 
an inventory of your possessions. 
(Ever store something and afterwards 
forget where? PIMS will tell you the 
location!) Use PIMS to plan your day, 
vacation, education and important life 
events. PIMS can tutor math, keep your 
personal mailing list or telephone direc- 
tory. Use it to keep track of personal 
disbursements. It can even be used to 
Schedule your TV viewing. And more. 
Much more, There’s practically no limit 
to the type of applications. 


Here’s what you get. 


All in one neatly bound volume, 


- The microcomputer and its potential 
for personal use 


- Ways in which your microcomputer 
can be helpful in everyday life and 
serving basic personal needs 


- PIMS — Personal Information Manage- 
ment System. All the basics and 
jargon 

- PIMS program outline and flow chart 


- 15 sample ways in which PIMS can 
work to your personal advantage 

- The complete listing of a practical 
functional program. Written in 
BASIC language. Ready to use! 


The PIMS program was prepared by 
SCELBI using Microsoft} compatible 
BASIC as used in a wide variety of per- 
sonal computers. Systems like Apple 
11, Radio Shack TRS-80 (level 11), 
Ohio Scientific 400 and many other 
small computer systems. 


Don't Have a Computer? 


Even if you are still just thinking about 
vetting your own personal computer, 
you should have this book. It wall show 
you in clear understandable terms what 
you'll be able to accomplish with your 
own microcomputer. 


ts the Message Clear? 


PIMS Personal Information Manage- 
ment System can help you. IF you're 
interested in understanding what 
role a computer can play in enhancing 
your life style, get PIMS." It will 
give you the inside track for petting 
the most out of a personal computer 
system. 


Get Yours! 


PIMS is available in handy booklet 
form, Your copy is ready for shipment. 
At only $9.95* it’s got to be the 
greatest bargain to come along! 


Don’t Wait. 


Get your copy now! You'll discover 
how you can find your new life style 
— with PIMS. 


*Prices shown are for North Ameéritan customers. 
Pricing, spetifications, availability subject to 
change without notice, Personal checks may de- 
fay shipment. IMPORTANT! Include 75¢ postage/ 
handling for each item to be delivered by U.S. 
Mail Book Rate, or $2 for each ilem io be ship- 
ped First Class or UPS. 
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Figure 3: Typical arrangement and types of sensors used in the computerized home security system. 


porary house similar to my own. For ob- Alarm Priorities 
vious reasons [ have chosen not to use one 
of my own home. The dimensions and lay- The inputs monitored by this security 
out are similar enough to adequately repre- system are divided into four priority levels, 
sent the model and to iflustrate the possible level O through level 3: 
quantity, type and placement of sensors. | 
consider my house a unique application and Level 0 
do not believe that every detail of this Activation 
system is necessary for adequate security Level O alarms are always enabled 
coverage. Less sophisticated photoelectric as long as the system is operational, 
and ultrasonic sensor designs could be used Inputs of this type consist of smoke 
to monitor a 9 by 12 foot room, but might sensors, heat activated switches, 
be inadequate in a much larger room. My and panic button inputs. 

‘ home proved to be a sensor development Result 
challenge, since the living room is 42 feet in Positive closure of any sensor im- 
diameter and the house totals 4800 square mediately triggers an audible alarm 
feet monitored area. The best procedure within the residence. Atutomatic 
to follow is to understand the theory of the dialing of police, fire and neighbor 
system, differentiate between the uniqueness commences 45 seconds later, This 
of my application and a general case, and delay allows time to reset system 
extract those components which satisfy your in cases of false alarms, such as 
security needs. burned toast. 
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See It All at Once! 


onanne Tine History ----* 


(with a Screensplitter — 


baruna Reni nider g-mseseooeesene 
1812190 Sprinwiers on 
116000 Turkey out of oven 


117030 Cati art re dero 


Text Editing and i we Geers 
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Display System 5 ! 
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L 


i i i “nie ea 1 Ss eS 
from Micro Diversions ) i nen = 


unretouched photo 13” or larger slow phosphor monitor recommended 


« 40 lines, 86 characters / line 
UPPER/lower case full ASCII 
with special symbols 


s Onboard intelligence: 
1K byte fast subscreen 


control, positioning and text 
S-100 Buss formatting software 


$295 Kit VISA a Custom reprogrammable 
$395 master charge character generator 
Assembled 


$15 Owner's Guide only 


for unusual applications 


= 140 page Owner's Guide 


Micro Diversions, Inc. covering hardware, software, 


8455-D Tyco Road system integration 
Vienna, Virginia 22180 
(703) 827-0888 
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= Available from stock 


Table 1: 18 discrete func- 
tions performed by the 
author's computer con- 
trolled security alarm 
system. 


Auto dialer 
. Audible alarm (intrusion) 
. Audible alarm (fire) 


. Level 1 enabled (light 
next to key switch) 


. Perimeter flocd lights 
Driveway flood lights 
Low level audible alarm 


Recording instruments 


3 bit, level 3, 
display board driver 


AC circuit 1 
AC circuit 2 
AC circuit 3 
AC circuit 4 
AC circuit 5 
. AC circuit 6 


. Output to neighbor 
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Level 1 
Activation 


Level 1 alarms are enabled by a 
keylock switch input to the com- 
puter and are primarily intrusion 
in nature. They consist of parallel 
and series combinations of ultra- 
sonic, infrared, and contact closure 
type sensor inputs. 


Result 


Positive closure of any sensor im- 
mediately triggers an audible alarm 
inside and outside. The system im- 
mediately dials police, contacts the 
neighbors via a dedicated serial 
communication link between 
houses, and turns on surveillance 
recording devices. 


Level 2 
Activation 


Provision is made to allow entry to 
the house at selected spots to de- 
activate the alarm. Entering these 
points starts a timer which must be 
reset by deactivating the level 1 
alarm system. 


Result 


Failure to reset the system within 
the alloted time triggers a level 1 
condition with typical level 1 
response. 


Level 3 
Activation 


Level 3 is always activated and 
its input sensors are displayed on a 
panel as well as being supplied to 


Automatically calls police, fire, etc. 
Signals that there has been a break-in. 
Signals detection of fire or smoke. 


Steady output indicates reset condition; 
flashing output indicates enabled mode. 


Activated by timer or leve! 3 input. 
Timer activated at dusk. 


Signals pertinent combination of events 
or particular level 3 activation; mounted 
in level 3 display panel. 


Particular level 1 alarms trigger activation 
of surveillance recording devices. 


Multiplexed output controls eight display 
parameters. 


Six AC power control outputs to lights 
or appliances which either simulate 
occupancy through sequential activation 
or act as remotely controlled outputs to 
turn on percolators, air conditioners, etc. 


Indicates fire or intrusion. 


the computer for possible action. 
Sensor inputs include power fail- 
ure, perimeter intrusion, freezer 
failure, etc. 
Result 

Perimeter or approach information 
can be utilized by the system to 
turn on outside lights, but the 
primary purpose of level 3 is to 
provide a noncritical condition 
monitoring system for information. 
The duration of the displayed event 
is a timed function. 


The combination of the four levels uses 
a total of 20 parallel input bits on the 
SDK-85. 


Alarm Outputs 


Unlike the majority of security alarms, 
which have only a single output to turn 
on the automatic dialer and alarm bell, 
this system has 18 discrete output functions. 
They can be activated in any combination, 
and are described in table 1. 

The particular designations for inputs 
and outputs are selected for my needs, and 
are easily redefined due to the program 
structure and event table software. A pic- 
torial diagram is shown in figure 1. This 
will be explained in detail next month. 


Additional Considerations and Capabilities 


Another major consideration in a home 
security system is the provision of a con- 
tinuous and reliable power source. This is 
necessary to sustain operation during elec- 
trical interruptions. To assure a dependable 
power source, the system is powered by an 
uninterruptable power supply. Necessary 
input voltage is provided, at all times, by 
12 V batteries. The charge on the batteries 
is maintained by an automatic 115 VAC 
charger which will charge the batteries 
when their output voltage falls below a 
preset value. The output of the power 
source is used to supply voltage to critical 
sensors, the status display panel, and the 
microcomputer. The computer will of 
course register the occurrence of a power 
outage, 

As stated previously, one capability of 
this system is the controlled activation 
of AC outputs triggered by input events 
or timer generated commands. To accom- 
plish the latter, one needs a time base 
and a real time clock. The circuit in fig- 
ure 4 is added to the SDK-85. The real 
time clock creates a pulsed output with 
a frequency of 1 Hz. This pulse output 
signal, when attached to the interrupt 


for itself in 
saved alone.” 


Mr. Ken Tunnah, Colloid-A-Tron lne., Buffalo, New York 


Says Mr. Tunnah: “The program ts designed 
from a CPA standpoint, for multiple corporations, 
which we have. It is flexible and gives me the 
ability to change reporting by profit centers 
easily. ft is up and running quickly, and it just 
keeps on running. I think it’s the best business 
software available.” 

The best software available. That's what Structured 
Systems Group set out to create. 

Structured Systems offers three sophisticated 
accounting systems. Our General Ledger software is 
big enough for multi-client write-up by the CPA, or 
multi-corporate reporting for the business, but small 
enough for the micro budget. The very comprehensive 
Accounts Receivable and Accounts Payable packages 
will operate independently, or they will coordinate with 
the General Ledger. 

Our systems record transactions easily and cor- 
rectly, and provide an audit trail from source document 
lo financial statements. And they will maintain monthly 
and year-to-date information in dollars and in 
percentages. And they are reliable. 

The three systems interact with the 
user to set up parameters such as ee 
format and headings, account | 


titles and numbering, 
automatic biling or reminder 
notices, credit limits, sales 


ACCOUNTS 
RECEIVABLE 
reports, a check register, iE 


== 
and much more. 
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“My Structured Systems 
business software has paid 
bor hours 


Ken ‘Tunnah is one 
of many innovators 
bringing the micro 
revolution to the 
small business. As 
a programmer, he 
knows computers 
and their languages. 
As a businessman, 
he knows business 
and its languages. 
And when Mr. Tunnah 
decided Lo miero- 
computerize the ac- 
counting function al 
Colloid-A-Tron, he 
turned to Structured 
Systems software. 


The software is designed to run on an 8080 or Z-80 
CPU with 48K of memory, dual disks with CP/M®, 
printer, keyboard, and CRT. To make it all work for you, 
we have provided the most extensive documentation 
and support in the industry. 

We provide the capability to computerize complex 
accounting functions on relatively inexpensive micro- 
computer equipment. Ken Tunnah has told us what that 
means: “Z’ve bucked some trends. I looked around, 
and decided that with the right software, I could 
get a micro to outperform a $45,000 mini. Pm 
satisfied. It’s simple economics.” 

We can refer you to a growing number of sophisti- 
cated retailers experienced in Structured Systems 
Group business systems. Or we can work directly with 
you. We'd be happy to provide you with more informa- 
tion on our product line, which includes QSORT™ (a 
sort/merge program), CBASIC (a business BASIC), 
NAD™ (a mailing and addressing system}, and our 
General Ledger, Accounts Receivable, and Accounts 
Payable packages. 


“CPIM is a registered trademark of Digital Research 


Structured Systems Group 


INCORPORATED 


5208 Claremont Avenue 
Oakland, CA 94618 
Call us at (415) 547-1567. Or write Dept. B7 


Putting the Microcomputer in Business. 
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Figure 4: Real time clock circuit used to provide a once per second pulse to 
update the SDK-85 time of day software. 


input line of the 8085 and combined with or similar area where current system status 
proper software, provides the alarm system can be viewed. This display is not meant 
with a time of day clock having resolution to indicate the obvious, but rather to make 
of 1 second. The current time in hours, the resident aware of less critical but equally 
minutes and seconds is constantly displayed important matters. In the event of a fire or 
and updated on the 6 digit LED display outright break-in, the system would activate 
on the SDK-85 board. This gives a con- the necessary counter measures and notify 
stant indication of system operation and the authorities. Flashing a tiny light emitting 
readiness. This display can be deacti- diode (LED) on a panel will hardly be 
vated to conserve power during a power noticed in all the noise of the sirens. 
interruption. A third level of sensors monitors ap- 
The time of day clock is not the only proaches to the house, the perimeter, and 
operator interface. An additional display important events such as water leaks and 
panel is remotely located in the bedroom power failures, While the system may still 


turn on outside lights if desired, this panel 
would immediately notify the resident of 
someone passing through the property, or of 
a power failure, When you live in the woods, 
these are all important considerations. 


Using an Intel SDK-85 


The microcomputer system utilized in 
this security system was constructed around 
an Intel MCS-85 system design kit (SDK-85). 
It was chosen because of the basic features 
it provides to the experimenter. Inciuded 
in this $250 kit are all the materials neces- 
sary to build a basic computer system which 
can be modified easily with additional 
programmable read only memory con- 
taining the security system software. The 
main features provided in the standard 
SDK-85 include: 


e 8085 processor utilizing the 8080A 
instruction set. . 

è Interactive 6 digit LED display and 
20 key keyboard. 

Photo 2: Prebuift commercial ultrasonic transmitter (small board) and receiver è 110 baud 20 mA current loop inter- 

available from Bullet Electronics; for use across doorways, rooms, etc. face. 
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the *988 Surprise... 


If you haven't looked carefully 
at the Level-II 16K TRS-80, 
you're in for a big surprise! 
Level-I] BASIC gives TRS-80 
advanced features like com- 
prehensive string handling, 
multi-dimension arrays, 
multi-letter variable names, 
named cassette files, full edit- 
ing, integer arithmetic, 

single (6-digit) and double 
(16-digit) precision arithme- 
tic, formatted printing, 
memory-mapped video (print 
directly at any of 1024 screen 
positions), 128x48 video 
graphics (may be intermixed 
with text), error trapping, auto 
line numbering, TRACE, 
PEEK and POKE... to name 
just a few. Because Level-II is 
in ROM, TRS-80 powers-up 
ready to go with the full 16K 
RAM available for your use. 


This means TRS-80's memory 
is equivalent toa 28K RAM- 
based system. 

New for 1979—TRS-80's 
numeric (calculator) keypad 
included on every 16K com- 
puter, and available as an 
add-on for present owners. 


TRS-80's modular design 
allows easy expansion. Add 
up to 48K RAM, Expansion 
Interface, printers, 1 to 4 
Mini-Disks, RS232C, tele- 
phone acoustic couplers, 
Voice Synthesizer, dual cas- 
sette recorders, our System 
Desk and Printer Stand. Sur- 
prisingly, these are not prom- 
ises of things to come, but real 
products being delivered right 
now. Software from games to 
General Ledger are available, 
with more cassette and disk 
software being added 
monthly. 


Radie Shaek 


The biggest name in little computers ™ 


Radio Shack’s 58 years of con- 
sumer electronics leadership, 
our 50 regional repair centers 
(growing to 100 this year), our 
new Radio Shack computer 
centers, and our NYSE-listed 
billion-dollar parent, Tandy 
Corporation, insure that cus- 
tomer support is always avail- 
able right where it should 
be— locally. 


So if you haven't seriously 
looked at TRS-80 yet, ask 
your local Radio Shack for our 
new 20-page fact-filled catalog 
and be prepared for a $988 
surprise. Surprising power— 
features— price—support! 
Level-II 16K systems include 
everything pictured, plus the 
manual. Better to be surprised 
now... before you choose 
the wrong microcomputer 
system. 


16K Available RAM 
| 12K Level-Il BASIC in ROM 

Full-Size Typewriter Keyboard 
UL. Listed, Portable 


Numeric Calculator 
Keypad 


SE N 


A DIVISION OF TANDY CORPORATION « FOAT WORTH, TEXAS 76102 


OVER 7000 LOCATIONS IN NINE COUNTRIES 
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Photo 3: Heat sensor designed to trip above 135° F, typical of the type often 


used in combination with smoke detectors. 
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Photo 4: Typical commercially available sensors. Shown are a panic button 
(left) and magnetic door switch, available from GC Electronics, Rockford IL, 


and Radio Shack, respectively. 
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Comprehensive read only memory 
based monitor (2 K bytes). 

256 bytes of programmable memory. 
38 parallel input output (10) lines. 
Three user-vectored interrupts. 


The presence of a good monitor, a 
quantity of IO bits, vectored interrupt 
capability, and an interactive keyboard and 
display were the primary reasons for the 
choice of this unit. As previously stated, 
the real time clock interrupts the system 
every second. While interrupt capability is 
not absolutely necessary to the design of a 
security system, it does insure that events 
which may become critical to the per- 
formance of a system are not missed. For 
example, let’s assume that maintaining an 
accurate time base is required, and that the 
system maintains time by a pulsed input. 
If this input is interfaced to the computer 
via a line on an input port, it may be pos- 
sible at times (depending on processor 
load} to miss the event, thus causing the 
system to slowly lose its time synchroni- 
zation to the real world. However, if this 
input is interfaced to the system via an 
interrupt line, the system will not ‘‘miss 
ticks” due to processor overhead. Should 
the processor be busy at the time the inter- 
rupt occurs, two possible conditions could 
exist. First, the routine being executed 
could have temporarily inhibited inter- 
rupts. This will only delay the processing 
of the timer interrupt: when the interrupts 
are enabled by the routine the processor 
will recognize that the interrupt is pending 
and vector to the appropriate address to 
begin processing the interrupt. Note that, 
should interrupts be inhibited for a period 
longer than the frequency of the interrupt, 
“missed tick” conditions will occur. There- 
fore, one should always be aware of the 
maximum time during which interrupts will 
be inhibited, The second condition which 
can arise during the processing of interrupts 
is that the processor might be busy exe- 
cuting a module with the interrupts en- 
abled. In this case the processor will immedi- 
ately vector to the routine to process the 
interrupt. Upon completion of the interrupt 
processing, control is returned to the inter- 
rupted module. 

The keyboard and display are important 
to the operation of the security system. 
These units are utilized extensively in the 
startup of the system. 

It is through this facility that the user 
initiates the operation of the system, notifies 
the computer of the current time of day so 
that it may initialize the software clock, and 
can utilize the monitor to diagnose problems 
within the system. For example, the key- 


Introducing 
the simple 
TRS-80 Up-grade 


Fast, easy, guaranteed 
expansion to 16K 

at less than half the 
price of Radio Shack. 


ithaca Audio makes 
it simple 

No false starts and finding you need 
some little item or special tool. Our Kit 
contains all the parts: 8 prime dynamic 
RAMs and a complete set of preprogrammed 
jumpers. No matter which model you have 
(even if you later purchase Level I| software), 
you're covered. 


Complete Instructions 


Our easy-to-follow directions cut instal- 
lation time to just minutes. You can do it 
yourself—with no soldering! All you need is 


a household screwdriver. Only $ 140 
100% Guarantee 


Like our kit, simple: if a part ever fails, we 
replace it, FREE. For technical assistance cail or write to: 


Available now ITHACA 
Order from your favorite retailer. If by AUDIO 


chance he hasn't stocked them yet we'll ship Phone: 607/273-3271 
him your Kit right away. P.O. Box 91 Ithaca, New York 14850 


Available off-the-shelf at these fine computer dealers. Sza lhaca Audio 


AL: BIRMINGHAM: Computer Canter, (205) 942-8567. HUNTSYILLE: Computerland, (205) 539-1200. CA: BERKELEY: Syte Shop, (415) 845-6368. EL CERAITO: Computeriand, 
(415) 233-5010. HAYWARD: Computerland, (415) 598-8080. LOS ALTOS: Computerland, (415) 941-5154. MARINA DEL REY: Base 2, (213) 822-4499. MT. VIEW: Digita! Deli, (415) 
961-2670. SAN FRANCISCO: Computerland, (418) 536-1592. SAN JOSE: Electronic Systems, (408) 226-4064. SAN RAFAEL: Computer Demo Room Ine., (415) 457-8311, WALNUT 
CREEK: Computerland, (415) 935-6502. DE: NEWARK: Computeriand, (303) 738-9656, FL:FT, LAUDERDALE: Computer Aga, (305) 791-8080. POMPANO BEACH: Computer Age, 
(305) 496-4999. TAMPA: Micro-computer Systems, {613) 879-4301. IL: NILES: Computerland, (312) 967-1714. OAK LAWN: Computerland, (912) 422-8080, PEORIA: Computertand, 
(300) 668-6252. K8: OVERLAND PARK: Personal Computer Canter, (913) 649-5942. WICHITA: Computer Systems Design, (316) 265-1120. KY: LOUISVILLE: Computerland, (502) 
425-8308. MA: CAMBAIDGE: Computer Shap, (617) 661-2670. MD: ROCKVILLE: Computerland, (201) 948-7676. MI: ANN ARBOR: Newman Computer Exchange, (313) 994- 
3200, ROYAL OAK; Computer Mart, (313) 576-0900. NJ: ANDOVER: Allantic Microsystems, (201) 549-0169. BUDD LAKE: Computer Lab of New Jersey, (201) 691-1984. CLARK: 
5-100, (201) 362-1318. ISELIN: Computer Mart (201) 283-0600. SUCCASUNNA: Computer Hut, (201) 564-4977. NY: BUFFALO: Computerland, {7 16} 836-6511. ITHACA: Computar- 
land of Ithace, (607) 277-4888. JOHNSON CITY: Micro World, (607) 798-9800. NEW -YORK CITY: Computer Mari of New York, (212) 686-7523. SYRACUSE: Computer Shop of 
Syracuse Inc., (315) 446-1284. OH: CINCINNATI: Digital Design, (513) 561-6733. DAYTON: Computer Solutions, (513) 223-2348. OK: OKLAHOMA CITY: Micronics, (405) 842- 
8152. PA: FRAZER: Personal Computer Corp., (215) 647-6463, STATE COLLEGE: Microcomputer Products Ine., (814) 238-7711. TN: KNOXVILLE: Eastern Microcomputer, (615) 
584-8365. TX: AUSTIN: Computerland, (512) 452-5701. DALLAS: KA Electronic Sales, (214) 634-7870. GAALAND: Digital Research Corp., (214) 271-2461, HOUSTON: Houston 
Computer Mart, (713) 649-4186. UT: OREM: Johnson Computer Electronics, (801) 224-5361. VA: ALEXANDRIA: Computers Plus, {703) 751-5656. ARLINGTON: Arlington 
Electronics Wholesalers, (703) 524-2412. YT: ESSEX JUNCTION: Computer Mart of Vermont, {802) 875-1683. CANADA: ONTARIO: MISSISSAUGA: Arisia Microsystems, {416) 
274-6033. TORONTO: Computer Man Lid., (418} 484-9708. WINNIPEG: Patrick Computer Systems Ing., (204) 774-1655. WEST GERMANY: MUNIGH: ABC Computer Shop, 
Schellingstrasse 33, 8000 Munchen 40 Microcomputer Shop, Toalzerstr, 5, D-815 Holzkirchen. ISAAEL: HAIFA: Microcomputer Eng Lid., Haifa 31-070. 
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Photo 5: Steve Ciarcia installing a heat sensor over the printer and the Selectric 


in the circuit cellar. 
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GET HARD COPY FROM YOUR 
COMMODORE PET USING A 
STANDARD RS-232 PRINTER 


LA 


~ h 


12008  Ž⁄^ 1200C 
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board and display allow the user to initialize 
the system by: 


è Resetting the processor by depressing 
the Reset button, 
è Entering the 4 digit address of the 


PET PRINTER ADAPTER 


$98.50 


Assembled and tested 


$169.00 apa 1200c S&S — 
With case, power supply VISA 
| > aa 


and RS-232 connector 


The CmC ADA 1200 drives an 
RS-232 printer from the PET 
IEEE-488 bus. Now, the PET 
owner can obtain hard copy 
listings and can type letters, 
manuscripts, mailing labels, 
tables of data, pictures, in- 
voices, graphs, checks, needle- 
point patterns, etc., using a 
standard RS-232 printer or 
terminal. 


Order direct or contact your local computer store. 
Add $3.00 for postage and handling per order. 


Cp 


start of the security system cold 
start module, which will be displayed, 
as entered, on the display. 

è Depressing the Go button. 


The functions provided for debugging 
the system include: 


e The ability to examine the contents 
of memory locations registers both 
randomly and sequentially. 

e The ability to load new values into 
memory and registers both randomly 
and sequentially. 

è The ability to single step the execution 
of a software module. 

@ The ability to generate vectored inter- 
rupts from the keyboard. 

è The ability to initiate execution from 
various addresses. 


The monitor provided in the SDK-85 
resides in 2 K bytes of read only memory. 
lt contains the software required to service 
the commands the processor receives from 
the keyboard, the routines to drive the 
6 character LED display, the algorithms to 
process and serve Teletype (or other serial 
IO device) requests and the software to 
handle serial IO communication. This 
monitor also provides the vectored interrupt 
trap locations which in turn direct control 
to user-supplied modules. 

Several of the monitor routines are very 
useful to the operator and were used ex- 
tensively to display input data and do the 
initial debugging. 

Four modules are provided for sending 
and receiving data to or from the Teletype. 
These are: 


e Console input which returns an 
ASCII character received from the 
Teletype to the requesting module. 

è Console output which transmits an 


ADA 12008 


CONNECTICUT micreCOMPUTER 
150 POCONO RD. BROOKFIELD, CT 06804 
(203) 775-9659 
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ASCII character trom the sending 
module to the Teletype. 

è Carriage returnfline feed which oul- 
puts to the Teletype a carriage return 
followed by a line feed. 

@ Hexadecimal number printer which 
converts a byte of data to two ASCII 
characters (hexadecimal O thru F) and 
outputs them to the Teletype. 

Three modules are provided for sending 

and receiving data to the keyboard/LED 
display. They are: 


è Update data which displays the 
contents of register A on the data 
field of the display in hexadecimal 
notation, 

è Read keyboard which returns to the 
requesting module the character en- 
tered on the keyboard. 

® Output data which outputs data to 
the address or data field of the display. 


The security system software is com- 
prised of a set of highly structured modules 
(see figure 5) used to process records passed 
from one module to another. Within this 
structure the initiating event can come from 
one of two sources, the detection of an 
external event or the occurrence of a time 
event. The occurrence of an external event 
is detecled by the digital scan module; 
the occurrence of a time event is delecled 
by the timer interrupt processor, When 
either of these modules detects the occur- 
rence of an event that requires further 
processing, it passes an event index to 
the event processor, which will initiate 
the processing of the event. The event 
processor utilizes the event index to ex- 
tract the response records associated with 
the event in question from the event record. 
lt then transmits this dala to the response 
processor, which will perform the required 
response lie: output a contact closure to 


CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 


WER 


bei cat QuALITY 


TUTTI 
T 


= Hot Chassis or Transformer sets 
s 64-80 characters per line 

s By-passes tuner & I.F. 

e Normal viewing unaffected 

» Safe—Easy installation 


ACVM Hi-Resolution $24.95 ppd 
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turn on a siren or autodialer, or activate 
a special application module). The detailed 
structure and functions of the various 
lables and modules that make up the secur- 
ily system software set will be described 
in part 2 of this 3 part series, m 


COLD START 


REAL TIME CLOCK 
INTERRUPT 


MODULE 


REAL TIME CLOCK 
INTERRUPT 
PROCESSOR 


DIGITAL SCAN 
MODULE 


EVENT RECORD INDEX 


EVENT RECORD 
PROCESSOR 


RESPONSE 
RECORD INDEX 


RESPONSE RECORD 
PROCESSOR 


TIMER 
ACTIVATION? 
DEACTIVATION 
MODULE 


USER SUPPLIED 
APPLICATION 
MODULE 


DIGITAL OUTPUT 
MODULE 


Figure 5; Block diagram of the computer controlled home security system. 


The “EXTERMINATOR” 


BA 2 FER E 


“POLYGRAFIX” 


A completely self-contained, high 

density graphics system for 5-100 All New Dual Functlon Board: 
buss users of Polymorphic VTI-64 Serves as an extender card & also 
video board. —512H by 128V terminates 5-100 buss. Eliminates 
resolution. Total software control. crosstalk, overshoots & nolse 
Assembled & tested. . . . $245.00 which can scramble data. Occuplas 


Write for details and avall. options. only a singte slot., Fully fused. 
VTE-100-K (Kit)... .. $49.95 
VTE-100-A (Asmb.) .... 74.95 
Extender Card (w/conn,). . 24.95 
Add $2 shipping & handting 
Calif. Residents add 6% Salas Tax 


Box 29315 


VAMP Ince. 
Los Angeles, Calif. 90629 
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Everythi 
wanted to 


The ultimate book 
about microcomputers. 
Written by experts 


... SCELBI and BYTE. Over 
400 pages. A collector’s item, 


featuring The Basics 


you ve ever 


ow about 
microcomputers m 


ONE complete book 
for only $10.95 


Ce ” 


from the first 16 issues of BYTE and SCELBI’s 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 


ou can't buy information 
W cranes like this any- 

where. This is the book 
that everyone who is into micro- 
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita- 
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro- 
fessional authors, who know and 
love microcomputers from the 
ground up. Logical and com- 
plete, it features many glos- 
saries, and is illuminated with 
profuse illustrations and photo- 
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec- 
tions, that take you from point 
“0” through building and pro- 
gramming your own computer... 
step-by-step-by-step. 

What can you do with a micro- 
computer? Checkbook balanc- 
ing. Recipe converting and food 
inventory. Heating and air condi- 
tioning control. Home and busi- 
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc- 
tion. Toys and games. Small 
business accounting and inven- 
tory. And lots, lots more. 
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How does a microcomputer do 
it? Lots of “how to” theory. In- 
troducing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 


THE 
See AY BUTE 
PRITTIEN 


Over 400 pages. Selected articles 
from BYTE and SCELBI books, 
Profusely illustrated. Many 
photographs. $10.95, plus $1 
shipping and handling. 


How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor- 
age. Analog to digital conver- 
sion. How a computer can talk. 
Other |/O techniques. And more. 


Order your copy today! 
SCELBI COMPUTER 


CONSULTING INC, BITS 
Post Office Box 133 PP STN | 25 Route 101 West 
P.0, Box 428 


Dept. B 
Milford, CT 06460 Paterborpugh, NH 03458 
1-800-258-5477 


Prices shown for Norlh American customers. 
Master Charge. Postal and bank Money 
Orders prefarrad. Parsonal checks delay 
shipping up to 4 weeks. Pricing, specifica- 
tions, availabdilily subjecl to change without 
notice. 


Over 400 pages. Full 812” x 11” size. 


All about building a micro- 
computer system. Over 12 com- 
plete construction articles. Flip- 
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
280 computers. Building plans 
for I/Os — TV and CRT displays, 
cassette interfaces, etc. Mathe- 
matics functions. ROM program- 
mer. Plus much, much more. 

How to program a micro- 
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn, Design your own as- 
sembler. Lots more. 

And that’s only the beginning! 
Others have spent millions ac- 
quiring the type of microcom- 
puter information found within 
the 400 pages of The Scelbi/ 
BYTE Primer. But, it costs you 
only $10.95, plus $1 for postage 
and handling, complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 


First Time Offer for the Micro Market 


TEE: 
MODEL 501 


DATA-SCREEN® TERMINAL 


A NEW LOW COST, MICROPROCESSOR 
CONTROLLED CRT TERMINAL 


QUALITY — APPEARANCE 
ECONOMY 


ONLY $995." (aty1) 


DELIVERED CONT. USA 


90 DAY WARRANTY GUARANTEES YOU 
YOUR EQUIPMENT WORKS PROPERLY 


Go First Class 1 YEAR EXTENDED WARRANTY 


AT SPECIAL RATES 


py Our Specifications Before You Buy 


DISPLAY SPECIFICATIONS INTERFACE 
SCREEN CAPACITY, CHARACTERS | 2000 DATA FORMAT 
CHARACTERSPER LINE es, 80 DATA BITS. .... ..... . 7 serial, asynchronous 
NUMBER OF LINES .. ... B DATA BITB..... .. .. 1.O or deleted 
SCREEN LL LL. P4 phosphor (whitel PARITY... .0.00.... . .. Odd, even ot deleted 
TUBE SIZE(DIAGONAL) =... |. 12 inches (30.4 em) gin eeror Suplaved as 
VIEWING AREA ...... soe 54 square inches (137 $ em) STOP BITS .............. lor2 
CHARACTER SIZE .. .. ...... 0.20" nigh x 08" wide (508 = DaTATRANSFERRATE . > .- 50, 75, 110, 134.5, 150, 
mm high x 2.03 mm wide) 300, 600, 1200, 1800, 
AEFRESHRATE....... . . .. §0 Hz (50 Hz availabie} 2000, 2400, 3600, 4800, 
SCAN METHOD ............. Raster 7200, 3600 BAUD 
CHARACTER GENERATION... .... 5x? characterinan8 STANDARD FEATURES 
x 10 dot matrix INVERSE VIDEO . es Operator or sottware 
CURSOR. ©. 2 0... ee ee Blinking block selectable 
MEMORY TRANSMIT MODES ......... . Half or full duplex {switch 
TYPE o - : . Random Access Memory selectable! 
DATA ENTRY ......... .. . Top or bonom line 
CAPACITY © 2000 characters END OF LINE BELL .. ....  . Swatch selectable 
OPERATOR CONTROLS CURSOR POSITIONING .........%-Y¥ 
CURSOR ADORESS..... ... . 4. Load and read 
POWER ON/OFF SWITCH .. ... On rear of unit DISPLAYABLE CHARACTERS . . . . 126 lincluding space! 
BRIGHTNESSCONTROL ... . .. On rear of unit CURSOR CONTROLS ; Up, down, left, right, 
home, return 
POWER REQUIREMENTS AUTOMATIC ROLL-UP ....... . Switch selectable 
AUTO CARRIAGE RETURN 
Model 501 — 115 volts, GO Hz, 100 watts nominal AND LINE FEEO . .- - Switch selectable 


Model 502 - 230 volts, 50 Hz, 100 warts nominal MONITOR MODE ........ .. . Special “Monitor” Mode 


allows display of cantral codes 
(first no columns) of ASCII 


NATIONAL DISTRIBUTOR FOR cone cram. 


DEALER NETWORK IS NOW BEING SET UP — YOUR { > 
INQUIRY IS INVITED ‘ EF 


VISA" 


[ master charge OLDEST INDEPENDENT 
SOMO I A COMMERCIAL CRT TERMINAL 
MANUFACTURER 


3S SALES, INC. P.O. Box 45944 Tulsa, OK 74145 
918 - 622-1058 
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An Exposure to MUMPS 


David D Sherertz 
University of California 
San Francisco CA 94143 


Command 


XECUTE 
zZ. 


About the Author 


David D Sherertz is a 
senior systems analyst in | 
medical information sci- 
ence at the University of 
California, San Francisco. 
His activities include de- 
sign analysis, medical pro- 
gramming and technical 
writing. For the past three 
years he has been actively 
involved in the MUMPS 
standardization effort, and 
is currently chairman of 
the Subcommittee for 
Language Development 
within the MUMPS De- 
velopment Conunittee. 


Provides for 


access points for programming and debugging aids 
relinquishing device ownership 

generalized subroutine calls 

conditional execution 

generalized iterative execution 

generalized transfer of control 

terminating execution 

suspending execution for a specified period of time 
conditional execution 

expunging specified variables and their vaiues 

a generalized interlock facility for concurrent processes 
securing device ownership 

explicit termination of a DO or FOR command 
specifying data input 

assigning values to variables 

designating a specific device for input and output 

an access point for examining machine-depandent information 
specifying data output 

execution of string expressions as program text 
implamentation-specific extensions 


Table 1: Commands in the MUMPS language. The execution of any command 
can be made conditional by adding a logical expression to the command word. 
MUMPS is a general purpose interpretive language developed at Massachusetts 
General Hospital and designed for use in writing conversational programs. It 
features string manipulation, pattern matching ability und timing functions. 
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MUMPS (Massacusetts General Hospital 
Utility MultiProgramming System) was de- 
veloped in the mid 1960s as a timesharing 
system for a modest minicomputer. A 
general purpose interpretive language, also 
called MUMPS, is an integral part of the 
system. The MUMPS language contains 
a powerful set of string manipulation capa- 
bilities, a pattern matching facility and 
liming functions, all of which facilitate 
the crealion of conversational programs. 
In addition, users can share access to a 
hierarchically organized data base, with the 
file management details transparent to the 
user. 

Recently, the American National Stan- 
dards Institute approved the MUMPS pro- 
gramming language as a national standard, 
joining FORTRAN, COBOL, and PL/I in 
that category. The existence of a MUMPS 
standard and the robustness of the features 
included in the standard language make 
MUMPS an attractive choice for the de- 
velopment of interactive applications. This 
article gives an overview of Standard 
MUMPS, emphasizing its capabilities. 


Commands and Variables 


The MUMPS language is based on the 
sel of commands summarized in table |. 
Any command name can be abbreviated 
to its first letter (the HANG command 
is distinguished from HALT by the pres- 
ence of an argument). Supplemental com- 
mands are usually added by implementors 
to support program creation, editing, de 
bugging and storage. The execution of 
any command (except IF, ELSE or FOR) 
can be made conditional by adding a logical 
expression to the command word. The 
conditional command is then executed 
only if this ‘“‘postconditional” is true. 
A maximum time limit can be placed on 
the actions of certain commands (LOCK, 
OPEN and READ). For example, the com- 
mand OPEN TAPE:30 will periodically 
allempt to acquire the device TAPE for 
30 seconds. If the unit is not available 
within this time, the command proceeds 
as if it were completed and a special var- 
jable is set by the system to allow check- 
ing for the expiration of the timer. 


INTRODUCING 


DUAL DRIVE MINIFLOPPY FOR PET! 


A FULL RANGE PROFESSIONAL A TOTALLY 


OF PERIPHERALS = 
TO COMPLETELY = SOFTWARE == INTEGRATED 


SUPPORT YOUR PET SUPPORT PET* SYSTEM 


DOMESTIC & OVERSEAS DEALER INQUIRIES INVITED ON DISK SYSTEM & MEMORY 


NOW THE DISKDRIVER DUAL DRIVE DISK SYSTEM 
CAN ADD TOTAL SYSTEM CAPABILITIES TO PET! 


* DUAL MINI FLOPPY DRIVE (5.5°) WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 

+ EXPANDABLE IN MARCH/APRIL 1979 TO 400K ON LINE VIA DOUBLE DENSITY FORMAT. 

# DISKMON-OISK OPERATING SYSTEM (DOS) IS RESIDENT IN PROM VIA DISK CONTROLLER BOARD THAT PLUGS 
DIRECTLY INTO THE INTERNAL EXPANDAPET MEMORY BOAAD.* 

+ DISKMON COMMANDS EXIST SIMULTANEOUSLY WITH THE BASIC LANGUAGE COMMANDS. 

+ DISKMON ADDS 16 COMMANDS TO BASIC INCLUDING DISK DATA FILE COMMANDS. 

+ DESIGNED FOR COMMERCIAL SPEED REQUIREMENTS — READS AN ENTIRE TRACK AT A TIME. 

* DISK DRIVES ARE AUTOMATICALLY TURNED OFF BETWEEN COMMANDS FOR LESS WEAR. 

* EXCELLENT DOCUMENTATION AND FULL SOFTWARE SUPPORT VIA FUTURE SOFTWARE, 

* DISKMON AUTOMATICALLY SUPPORTS COMMERCIAL TYPE PRINTEA (CENTRONICS MODELS) VIA PARALLEL PORT. 


THE DISKDRIVER, * DISKORIVEA COMES COMPLETE WITH ATTRACTIVE BEIGE CABINET, BUILT IN POWER SUPPLY, DISK CONTROLLER 
pos AND EXPAN DAPET BOARD, ALL PLUG COMPATIBLE WITH YOUR PET (DISKDRIVER REQUIRES THE EXPANDAPET) 
4 


+ NOW FOR THE FIRST TIME YOUR PET CAN BE UTILIZED AS A COMPLETE, TOTAL SYSTEM. 


ARE ALL PRODUCTS OF « APPLICATION/DEVELOPMENT SOFTWARE AVAILABLE * BUSINESS PACKAGES IN MARCH/APRIL, 
COMPUTHINK * FULL PRODUCT (HARDWARE & SOFTWARE) SUPPORT FROM COMPUTHINK AND DEALERS. 


DKH642-1 
EXPMEM 
PRT200 
PRT 202 
PRT 100 
NPK101 


ASG200 
ASM789D 
LNK456D 
EDT392D 
DUGO78 
DKLO67 
FOR112 
PLM118 
FUTURE 


HARDWARE/SOFTWARE PRODUCT DIRECTORY 


DISKDARIVER DUAL DRIVE MINIFLOPPY SYSTEM (200K ON LINE STORAGE)................. eee 
EXPANDAPET MEMORY EXPANSION BOARD (SPECIFY 16K, 24K, 32K) 16K MODEL 

CENTRONICS COMMERCIAL PRINTER (MODEL 779-1) WITH FRICTION FEED 

CENTRONICS COMMERCIAL PRINTER (MODEL 779-2) WITH TRACTOR FEED 

AXIOM HOBBYIST PRINTER (ELECTROSTATIC 5.5” WIDE PAPER) APPROX 

NEECO PERIPHERAL KEYBOARD (TYPEWRITER TYPE) AVAILABLE JAN 


PET ASSEMBLER PROGRAMMER'S GUIDE (SHOWS HOW TO TAP INTO BASIC) 

PET ASSEMBLER 6502 PROGRAMMING SOFTWARE (ON DISK—WITH MANUAL) ..... Qitatowse ie 
AUTOLINK PROFESSIONAL LINKING LOADER SOFTWARE (ON DISK—WITH MANUAL) 
ASSEMBLER-EDITOR, ASSEMBLER SOURCE PROGRAM EDITOR (ON DISK—WITH MANUAL)... $49.95 
DISKMON USER'S GUIDE (PROVIDED WITH SYSTEM—CAN BE PURCHASED SEPARATELY).... $ 9.95 
DISKMON (DOS) ASSEMBLER LISTING IN MANUAL FORM $19.95 
FORTRAN COMPILER FOR DISKDRIVER SYSTEM (AVAILABLE JAN./FEB.). 2.0.0... cscs ere neaes $69.95 
PROFESSIONAL PLM COMPILER FOR DISKDRIVER (AVAILABLE JAN./FEB,) ........-.0050e eens $49.95 
BUSINESS AND PROFESSIONAL PACKAGES STARTING IN JAN./FEB. 


“NOTE PET IS A TRADEMAHK OF COMMODORE AND IS SOLD ONLY BY AUTHORIZEO DEALERS. 
EASTERN U.S. & EUROPEAN WESTERN U.S. & CANADA 


NEECO NEW ENGLAND ELECTRONICS 7 COMPUTHINK 
248 BRIDGE ST. P H 3260 ALPINE ROAD 
SPRINGFIELD, MASS., 01103 COMPU INK MENLO PARK, CA., 94025 


413) 739-9626 
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GLOSSARY 


Argument: The independent variable upon whose 
value a function depends. For the function 
y=cos(x), x ig the argument of the function. 


Binary Operator: An operator which acts on two 
operands. For example, the addition operator (+) 
is a binary operator, Also known as a dyadic 
operator. Compare Unary Operator. 


Binding: The action of associating machine ad- 
dresses with the symbolic addresses of a computer 
program. 


Case Statement: A type of “multiple choice” 
statement in which the execution of the statement 
depends on the numerical value of an argument 
contained in the statement. 


Global Variable: Jn MUMPS, a variable that can be 
defined by any authorized user and can be used 


(referenced) by any user's program. 


Literal: A constant value (as opposed to a variable}. 


Local Variable: In MUMPS, a variable that can be 
defined and used by only one user and that user's 
program (which may consist af many segments). 


Scope: The portion of a program in which the 
definition of a variable (nut not necessarily its 
value) remains unchanged. 


Truncate: Usually means to reduce the precision 
of a number by arbitrarily removing {ow or high 
order digits without adjusting the remaining digits. 
The number 4.5673 could be truncated to 4.5, for 
instance. 


Variable; A name or symbol which in principle 
can take an arbitrary value during execution of a 
program. 


MUMPS contains only one explicit 
data type: the variable length character 
string. Certain contexts require an implicit 
interpretation of a value as a real number, 
an integer or a logical value. Unambiguous 
rules are defined for mapping a string into 
the requisite data type. Variables in MUMPS 
are created dynamically by assigning values 
to them (as in APL and BASIC). There is no 
scoping or binding of variables. Variables 
exist across program boundaries and can 
only be removed with the KILL command. 

Fach MUMPS user has a private variable 
space, called “local variables” which only 
that user can access and modify. There is 
also a common data base called "global 
variables” which any authorized user can 
inspect or change. Both local and global 
variables can be subscripted to any depth; 
subscriplted variables are stored as sparse 
arrays, with storage allocated only for 
defined subscripts. A third class of var- 
lable is called the “special variables." 
These are reserved variables, distinguished 
by a leading dollar sign ($). The special 
variables are maintained by the MUMPS 
system for a variety of purposes, including 
line and column control on IO devices, 
current data and time, process identifi- 
cation and timers. 


Date Base Management 


MUMPS global variables, or globals, are 
tree structured files in which any node may 
contain a data value. Syntactically, globals 
are distinguished from local vartables by a 
circumflex (^) preceding the global name. 
Operationally, globals form a hierarchical 
data base that exists independently of any 
user. References to a specific global node 


appear as a list of subscripts. For example, 
the sales record of a salesman might be ac- 
cessed with *SALESMEN (DEPT,LNAME, 
FNAME), where DEPT, LNAME and 
FNAME have appropriate values. Each sub- 
script level in a global reference represents a 
lower node in the tree structure. There is 
also a facility in MUMPS, called the naked 
reference, to avoid redundant higher level 
subscripts in global references. 

When a new node is created by assigning 
a value Lo it, Lhe necessary access paths to 
the node are constructed automatically by 
the system. Similarily, when an individual 
node or an entire subtree of a global is ex- 
punged with the KILL command, the 
affected paths are pruned appropriately by 
the system. Thus, the MUMPS file manager 
achieves a substantial degree of data inde- 
pendence, allowing a programmer to con- 
centrate on building a logically meaning- 
ful file structure. The details of the phys- 
ical file layout are invisible tọ the 
programmer. 


Operators and Pattern Matching 


The MUMPS language includes the nor- 
mal set of arithmetic unary operators 
(+ and -) and binary operators (+ — X and 
/). There is also a modulo operator (#), a 
division with truncation operator Ñj, the 
algebraic relational operators less than 
(<), equals (=) and greater than (>), as 
well as the logical operators and (&), or 
(!} and not ('). 

The language includes several string op- 
erators which greatly simplify string manip- 
ulation. Strings can be merged with the 
concatenation operator (_}, and compared 


— 


with the relational operators equals (=), 


TSC, Technical Systems Consultants, is 
the software company for all the newest, 


most innovative ideas in computer 


software TSC builds a variety of pro- 
grams, packages and games so you can 


get down to business or just some fun. 


ha 
SOL 


Text Editing System 


The most complete and versatile editor 
available for the 6800 and 8080 micro. 
The system is tine and content oriented 
for speed and efficiency and features 
such commands as block move and copy, 
append and overlay, as well as string 
manipulators, The 6800 version requires 
5K beginning al 0 hex, the 8080 needs 
6K starting at 1000 hex. Both should 

have addilional file space as required. 


SL68-24 6800 Text Editing 

System $23.50 
SL68-24C w/cassette $30.45 
SL68-24P w/paper tape $31.50 
$L68-24D w/mini flex disc $31.50 
SL68-24F w/flex disc $50.00 
$L80-10 8080 Text Editing 

System $28.50 
SL80-10P w/paper tape $37.50 
SL80-10F w/ CP/M disc $40.00 
Space Voyage 
SL68-5C w/cassette $18.95 
SL68-5P w/paper tape $19.00 
SL80-9P w/paper tape $19.00 
6800 Disassembler 
SL68-27C w/cassette $15.95 
SL68-27P w/paper tape $13.00 
Micro BASIC Plus for 6800 
SL68-19C w/cassette $22.90 
SL68-19P w/paper tape $21.95 


6800 Floating Point Package 


SL-68-4 Floating Point 
Package 


w/paper tape 


$6.50 


SL68-4P $9.50 


. Technical Systems 


Consultants, Inc. 


Box 2574 W Lafayette. IN 47906 
——————___ 


Specialists in Software & Hardware far Industry & the Hobbyist 
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Text Processing System 


As a complement to Ihe Editor, the 
Processor supports over 50 commands 
for left, right or center justilication, titling, 
paging and general lext output formatting. 
A loop command is available lor repeated 
formatting jobs such as form letters, Also 
included are capabilities for macro 
definition to build special formalting 
commands, The program requires about 
8K of RAM and previously edited text. 


SL68-29 6800 Text Processor $32.00 
SL68-29C w/casselte $38.95 
SL68-29P w/paper tape $40.00 
SL68-29D w/mini flex disc $40.00 
SL68-29F w/flex disc $75.00 
SL80-11 8080 Text Processor $32.00 
SL60-11P w/paper tape $41.00 
SL80-11F w/ CP/M disc $50.00 
Relocator 


This self-prompting, easy lo use program 
relocates object code in RAM or from 
tape. Complete instructions included for 
making ihe TSC Editor and Assembler 

or Editor and Text Processor co-resident, 
{As sold they reside in the same area.) 
Just over 1K in length. 


SL68-28 6800 Relocator $ 8.00 
SL68-28C w/casselte $14.95 
SL80-13 8080 Relocator $ 8.00 
SL80-13P w/paper tape $13.00 


me 


Basen t 


The Mnemonic Assembler 


The ideal addition to the Text Editing 
System, together they form a complete 
program development center. The 
Assembler is one of the most versatile 
available and allows for easy adaptation 
to mos! systems. The Assembler is many 
times faster than other resident assem- 
blers. Requires approximately 5.5K plus 
file and symbol table space. 


SL68-26 6800 Mnemonic 

Assembler $23.50 
SL68-26C w/cassette $30.45 
SL68-26P w/paper tape $31.50 
SL68-26D w/mini flex disc $31.50 
SL68-26F w/flex disc $50.00 
SL80-12 8080 Mnemonic 

Assembler $25.00 
SL80-12P w/paper tape $34.00 
SL80-12F w/ CP/M disc $40.00 


All programs include complete source 
listing. Cassettes are in the Kansas Cily 
standard format. 


All orders should include check or money 
order. Add 3% for postage and for orders 
under $10, please add $1 for handling. 
Send 25¢ for a complete software 
catalog. 
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Function 


$ASCII 
SCHAR 


$DATA 
$EXTRACT 
$FIND 
$JUSTIFY 
$LENGTH 


$NEXT 


$PIECE 


$RANDOM 


$SELECT 


$TEXT 
SVIEW 


$z. 


Returns 


as an integer the ASCII code of a selected character from a string 
a string whose characters are generated from a specified set of 
integer ASCII codes 

an integer code that indicates if a specified local or global variable 
has a defined value or node path 

@ character or substring, extracted from a starting and ending char- 
acter position in a string expression 

an integer that gives the end character position of a specified sub- 
string within a string expression 

a formatted string consisting of a right justified expression in a 
blank field of a specified size 

an integer which is the length in characters of a specified string 
expression 

an integer which is the next lowest defined numeric subscript on the 
same level as the last subscript of a named subscripted variable 

a string extracted from the characters between two specified occur- 
rences of some substring delimiter within a string expression 

a pseudcrandom integer from the set of integers within a specified 
interval range 

the value of a particular expression from a set of expressions, se- 
jected by the first true expression in an associated set of logical 
expressions 

a string that consists of the commands of a specified program line in 
the current routine 

a value which is machine dependent data, accessed in an implemen- 
tation-speciflc manner 

values fram functions that are impiementation-specific extensions 


Table 2: Built-in functions included in ANS! Standard MUMPS, which can be 


nested to any arbitrary level. 


contains ([),follows (J). (As an explanation, 
assuming A and B are defined variables, 
then the expression A[B is true if and 
only if B is a substring of A: similarily, 
AJB is true if and only if A follows B in 
the ASCII collating sequence.) 

The logical operator not (") can be used 
alone or in conjunction with the relational 
and logical operators above to produce 
the complementary operation. For ex- 
ample, A'>B means A jess than or equal 
to B, and A‘JB means A does not follow 
B. All logical and relational operators pro- 
duce an integer “truth value’’ (1 is true, O 
is false). 

A particularly powerful feature in 
MUMPS is the pattern matching facility. 
A pattern specification follows Lhe operator 
for pattern matching, which is a question 
mark {?). The pattern matching operator 
determines whether or not the string pre- 
ceding it conforms to the specified pattern. 
Patterns are formed by combining any 
number of pattern codes or string literals. 
A string literal is any sequence of graphics 
enclosed in quotes (" "), Each element of 
a pattern is preceded by an integer repeti- 
tion count. An indefinite count is specified 
by a period (.). Included in the seven pattern 
codes are A, which matches alphabctics, 
N, which matches numerics, and P, which 
matches all other graphics. The pattern 
matching facility allows filters to be con- 


structed, similar to those of the language 
SNOBOL, with which to test input for 
validity. The degree of selectivity of the 
filter is controlled by the amount of spec- 
ificity in the pattern. For example, the 
pattern 


2N1P3A.A1TP2N.N 


means that an acceptable string must contain 
two numbers followed by one graphics sym- 
bol, three alphabetic characters, any number 
of alphabetic characters, one graphics sym- 
bol, two numbers, and finally any number 
of numbers. The following strings would 
pass successfully through this filter: 


“25 AUG 1948” 
"07-MAY 1977” 
“04/FEBRUARY/47” 


On the other hand, the string filter 
2N1“DEC 19"2N would only pass strings 
of the form “nnDEC 19nn’’. 


Functions and Expressions 


Table 2 summarizes the built-in functions 
included in Standard MUMPS, Because these 
functions can be nested to an arbitrary level, 
very complex string manipulations can be 
performed in a single statement, 

Expressions in MUMPS are made up 
of literals, functions, and variables, com- 
bined with operators that act upon them. 


TRS-80 OWNERS 
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Since the only data type Is a string, any 
operator can be used on any operand. 
The interpretation of an operand is auto- 
matically determined by the implicit data 
type required by its operator. All expres- 
sions are evaluated in strict left to right 
order; there is no precedence of operators. 
Parentheses can be used to override this 
convention, 


Other Features 


Another feature included in MUMPS 
allows data to be treated as program code: 
indirection, although usually found only 
in assembly languages as a method of address 
calculation, is available in MUMPS in a 
powerful symbolic form. In effect it allows 
implementation of the functions of CASE 
statements, subroutine parameter passing, 
and a number of other useful language 
features that are not explicitly included in 
MUMPS. Both variable names and command 
arguments can be used indirectly by putting 
an “at” sign (@) before the element. This 
forces the intrepreter to use the value of 
the variable to search for another variable. 
For example, if the variable AMOUNT3 
has the value 45.82, and the variable 
SWITCH has the value “AMOUNT3,” then 
the command WRITE @SWITCH would 
write 45.82. 

An additional form of indirection is pro- 
vided by the XECUTE command, which 
permits general expressions to be executed 
as program text. One common use of 
XECUTE is to direct a driver program, 
in which the next program step is deter- 
mined dynamically by branching logic in 
prior steps, using lines of program code 
stored previously as data values in a global 
file. This approach has been utilized in 
constructing automated medical histories, 
in computer assisted instruction, and in 
text editors and other utility programs 
written in MUMPS. 


The MUMPS Environment 


Traditionally, MUMPS has been imple- 
mented on dedicated minicomputers with 
the primary memory divided into modest 
(2 to 6 K bytes) user partitions. The central 
processor is timeshared among the users, 
but since most MUMPS applications are 
usually 10 bound, the processor can handle 
as many as 40 users and still maintain a 
rapid response time. Over the past few 
years, MUMPS has been implemented 
within existing general timesharing systems 
on both large and small computers. 

Because the user partitions are rela- 
tively small, a programmer must explicitly 
segment large MUMPS applications into 
appropriately sized routines, using the 


GOTO command to overlay segments as 
required. Recent implementations have 
eased the size restriction on user partitions 
by using techniques such as sharing com- 
monly used routines among several par- 
titions, and pooling storage for the local 
variable values from all partitions. 


Summary 


MUMPS is a useful development tool for 
many applications involving string manipu- 
lation, interactive dialogues, and file man- 
agement. Multi-user access to a hierarchical 
data base is a particularly powerful compo- 
nent of the language. The number of 
MUMPS implementations has been steadily 
growing, including several supported by 
major computer vendors. Although a ma- 
jority of the present MUMPS applications 
are related to health care because of the 
language's historical origins, nothing con- 
strains MUMPS solely to medical systems. 
in fact, an increasing number of business 
applications have been implemented in re- 
cent years using MUMPS. 

The attractiveness of MUMPS is pri- 
marily due to the ful! set of facilities avail- 
able for conversational applications. The 
collection of useful interactive capabilities 
included in the MUMPS Standard is much 
more complete than that found in any other 
interpretive language. Among the advantages 
of the features of Standard MUMPS are the 
following: 


String Handling: MUMPS includes an ex- 
tensive set of string operations and func- 
tions that makes string manipulations 
quick and easy. Tasks such as string searches, 
sorts, data extractions and compactions are 
greatly simplified by these facilities. Further- 
more, MUMPS allows variable length strings 
to be used routinely in programs, without 
the obstables presented by most other pro- 
gramming languages. 

Globals: MUMPS eliminates many of the 
problems of working with random access 
devices by obviating the need for traditional 
read and write operations as well as the 
intermediate abstraction of a file. A data 
element on a secondary storage medium 
is directly referenced as a set of subscripts, 
with all the details of file organization and 
retrieval handled by the system. Nothing 
with the flexibility of this unique hierarchi- 
cal file system can be found in any other 
general purpose programming language. 
Languages such as FORTRAN or BASIC, 
the most obvious alternatives to MUMPS 
on small computers, allow for random 
file operations, but only as extensions 
that are often machine dependent. 

Pattern Matching: MUMPS allows user 
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At last, you can get a mammoth 32K memory 
without paying a beastly price. The SuperRam™ 32K 
static memory kit is just $649 for S-100 systems. 


The latest of George Morrow's heavyweight 
memory designs for Thinker Toys™ the SuperRam'™ 
32K features two independent 16K blocks, each 
addressable and write-protectable. It meets the 
Proposed IEEE $-100 Standard with full buffering 
of both data and address lines. Uncommonly 
efficient, the Morrow design utilizes just 7 IC's for 
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control and buffering, drawing typically 2.6 amps. 
Ask your local computer shop to order the 
SuperRam™ 32K kit for you. Or, if unavailable locally, 
order direct from Thinker Toys™, 1201 10th St., 
Berkeley, CA 94710. Or call (415) 524-2101, weekdays 
10-5 Pacific Time. Add $3 for handling. (Cal. res. 


add tax.) 
9 Morrow makes memory for 


Thinker Toys’ 


Jugy the elephant courtesy Marine World -Africa USA 
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input to be filtered with a useful pattern 
matching facility. This helps to minimize 
the effect of user or device crrors. The 
pattern matching capability is sufficiently 
general to be used in various transaction 
oriented applications, such as constructing 
command processors. It is even powerful 
enough for the development of other lan- 
guage scanners. 

Timing: MUMPS enables a programmer to 
associale liming constraints with several op- 
erations. If a READ command does not get 
a complete response from a user terminal 
within a specified time after queuing the 
request, the command will take any input 
already received and proceed. This feature 
allows testing for terminal malfunctions 
as well as prompting users in a time critical 
dialogue. A similar capability is available 
for detecting and handling delays in access- 
ing globals or acquiring shared resources as 
a result of multi-user interference. 

Program Management: MUMPS provides 
all the facilities needed to manage programs 


programs in MUMPS is made easier by fa- 
cilities that allow the interruption of execut- 
ing programs, the examination or modifi- 
cation of variables or program text, and the 
resumption of program execulion at a 
different location. 

Economy: MUMPS implementations are 
available on a variety of small, relatively 
inexpensive minicomputers and microcom- 
puters. These dedicated MUMPS computers 
can be managed with a small amount of 
administrative overhead. There are numer- 
ous commercially available BASIC systems 
roughly comparable to these MUMPS in- 
stallations. However, for many applica- 
tions MUMPS represents a mare economical 
and advanced tool for system development. 
Applications Experience: The number of 
MUMPS application packages is steadily 
increasing, with many developed and avail- 
able in the public domain. There is also an 
active MUMPS Users’ Group (MUG) in the 
United States as well as in Europe and in 
Japan. MUG publishes newsletters, holds 


and program files. Programs can be created, an annual meeting, distributes MUMPS 
edited, cataloged and debugged from within documents and maintains a library of 
MUMPS. As in APL, and similar program- available MUMPS application programs. 


ming environments, MUMPS incorporates 
the necessary tools to make a complete 
programming system. The task of debugging 
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The more successful and widespread MUMPS 
appplications include an abbreviated medi- 
cal record system for outpatient clinics, 
numerous clinical laboratory reporting sys- 
tems, and several inventory and information 
management systems. 


In conclusion, MUMPS is designed for 
an interactive timeshared environment, and 
for a general class of conversational applica- 
tions. On the whole, MUMPS satisfies the 
requirements of these areas more completely 
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the ECONORAM family from Compukit’ 


Hours of trouble-free operation in thousands of 
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feature memory doesn't have to be expensive to be 
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Creating, printing and updating mailing 
lists offer practical applications for a micro- 
computer system with a floppy disk or other 
magnetic mass storage medium. The series of 
programs presented here allow the user to 
create and maintain mailing lists. The pro- 
grams are written lo be run on a 8080 or 
Z-80 system with at least one disk drive ancl 
20 K of programmable memory. The pro- 
gram is written for an interpreter called 
BASIC-E which is widely distributed under 
several names. 

One of the biggest problems facing a 
programmer using BASIC-E is the relative 
lack of complete documentation on the file 
commands. A fairly detailed description of 
the BASIC-E file commands, used in the 
programs, will be included to help this 
situation. 

There are six basic types of operations 
necessary to Maintain mailing lists: 


1. Generate a new list. This operation 
would normally be perfarmed once 
for each mailing list. 

2. Print the list. This operation would be 
used as copies of the list are needed, 
or as changes to the list are made. 

3. Add to the list. New entries to the list 
would be added to the end of the list 
with this operation. 

4. Update existing entries. Changes could 
be made to entries already in the list 
with this operation. 

5. Insert new entries into list. This oper- 
ation would allow new entrics lo be 
inserted into the list. All existing 
entries would be shifted to make 
room for the new entry. 


6. Remove an entry from the list. An 
existing entry could be removed from 
the list and the remaining entries on 
the list would be moved up to fill in 
the space. 


Seven programs were written lo perform 
these functions (see listings 1 thru 7). Two 
of the programs print the list in differrent 
formats. 


Sections 


Each entry (or record) in the mailing list 
consists of seven sections: 


Name 

. Call sign 

. Street address 
City 

. State 

. Zip code 

. Phone number 


SA Ee Wh = 


These programs were written to handle the 
mailing list for an amateur radio club, so the 
ham radio call sign section was included. 
This section could easily be removed or 
additional sections added, as necded, in a 
specific application. Keeping the entries 
divided into sections allows maximum 
flexibility in the system. 

The mailing list is set up as a disk file 
divided or “blocked” into records. Each 
record occupies exactly the same amount 
of space on the disk. Files set up in this way 
are nol the most efficient in terms of using 
the space available on the disk, but this 
type of file allows direct access to any 
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Listing 1: Program used to 
generate a new mailing list. 
The user is prompted to 
enter the necessary infor- 
mation. {This program end 
the other programs in this 
article were written in 
BASIC-E.) 


record in the file using a record sequence 
number as an address. Files of this type 
are also referred to as random access files. 

128 bytes are set up for each entry in 
the file. If the entry does not use all 128 
bytes, the remaining bytes are filled with 
blanks. 


PRINT “PROGRAM #1 - GENERATE NEw LIST -" 


INPUT “FILE NAME") FILE- NAMES 
FILE FILE NAMES: 126) 


FOR RECORD=a! TO 1000 
INPUT “NAME"INS 
IF NSe"END" THEN 100 
INPUT “CALL"ICS 
INPUT "STREET" SS 
INPUT “CI Ty"s TS 
INPUT "“STATE™IAS 
INPUT "ZIP"IZ5 
INPUT "“PHONE™IPS 
PRINT #ls RECOROINS: C$, 555 T8sASe25.P5 

NEXT RECORD 


100 END 


Listing 2: A program which prints the mailing 
list, single column. 


PRINT “PROGRAM #2 = TYPE LISTs SINGLE COLUMN =" 
INPUT “FILE NAME™I FILE«NAMES 
FILE FILE NAMES{ 128) 


IF END #1 THEN 200 


INPUT “PRINT PHONE NUMBERS "IPHONES 
PRINT: PRINTEPRINT 


FOR RECORD=1 TO 1000 STEP 1 
READ #1-RECORDINS. C$, S$. TS AS. ZEPS 
PRINT CS$s TABC 9) INS 
PRINT 55$ 
PRINT T$S", “sASI™" “JZS 
IF PHONES="YES" THEN PRINT PS 
PRINT 

NEXT RECORD 


200 END 


Listing 3: A program which prints the mailing list, double column. 


PRINT 


“PROGRAM #3 - PRINT LIST» 


BOUBLE COLUMN -" 


INPUT “FILE NAME“SFILE.NAMES 
FILE FILENAMES 124) 


IF END è} 


THEN 200 


INPUT "PRINT PHONE NUMBERS) PHONES 


PRINT: PRINT PRINT 


FOR RECORD=si TO 1000 


FLAG=O 


READ #1, RECORDINS, CS, S$, 18. ASZ% PS 


FLAG= 1 


READ #1+RECORD+t 1)NES, CES, SES, TES: AES: ZES: PES 


PRINT Ç$) 
PRINT 553 
PRINT TS: 


TABC OF INS) TABI 94) 1 CES) TASC ADIINES 
TABC 34)5 SES 


"e “JASI” “UZEITABC 34): TES" “SAESI" “IZES 


IF PHONES="YES" THEN PRINT P$J TABC 3471 PES 
RECORD RECORD+ I 
PRINT: PRINT 


NEXT RECORD 


200 IF FLAG=0 


THEN 300 


PRINT CSI TABC9)D INS 


PRINT 5$ 
PRINT TS" 


IF PHONES= "YES" 


"SASS" "IZS 


THEN PRINT PF 


300 PRINTIPRINTI PRINT! PRINT 


END 
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The first step in writing a BASIC-E pro- 
gram that uses disk files is to set up, or open, 
the file. The FILE statement is used to open 
a file. It is used in the following form to 
sect up a blocked file: FILE NAMES 
(RECORD LENGTH). Each of the seven 
programs starts with the following lines to 
set up the file: 


INPUT “FILE NAME”; FILENAMES 
FILE FILE.NAMES (128) 


The first line enables the user to type in the 
name of the file containing the mailing list. 
The file name is stored as string variable 
FILE.NAMES. The second line opens the 
file as a blocked file with a record length 
of 128. BASIC-E searches through the files 
on the disk looking for a file with the name 
typed in by the user. If a file with a match- 
ing name is found, it is used. If no file with 
a matching name is found, BASIC-E creates 
a file with the name typed in by the user. 
From this point on, references to the filc 
are made by referring to the file as #1, 
rather than by name. 

The IF END statement is an important 
Statement in BASIC-E programs that read 
files from a disk. It is of the form IF END 
#N THEN XXXX, where N is the file 
number and XXXX is the line number the 
program should jump to if the end of a file 
is encountered. If this statement is not 
included in the program and the end of a 
file is encountered during execution, the 
program terminates and prints an error 
message. 

Data is written into the disk file using 
the PRINT statement. It is of the form 
PRINT # N, RECORD; Vi, V2, V3, ..., 
VN, where N is the file number, record is 
the record number, and V1 thru VN is the 
data to be written into the file. The variables 
can be numeric values or strings. All data for 
the mailing lists is stored as strings. 

Data is read from the disk file with the 
read statement. The statement is of the form 
READ #N, RECORD; V1,..., VN where N 
is the file number, record is the record 
number, and V1 thru VN are the variables. 

The FILE, IF END, PRINT # N AND 
READ # N commands are the only ones 
used in the program that refer specifically 
to the disk file. BASIC-E also includes the 
CLOSE command, used to close a file. This 
command is not needed in these programs, 
since BASIC-E closes all files when the 
program ends. 


Program 1 


The first program, program 1 (see listing 
1), is used to set up a new mailing list. 
The first two lines set up the file as a block- 


ed file with a record length of 128. The data 
for name, call sign, street, city, slate, zip 
code and phone number is entered. After 
the phone number is entered, all the infor- 
mation for that entry is stored on ihe disk. 
Additional sequential entries are made 
until the word END is entered for a name. 
Additional characteristics for each entry 
could be included by adding additional 
input statements and adding the variable 
to the PRINT #1, .. . statement. The order 
of the variables in the PRINT #1 statement 
is very important. The data is stored in the 
record in the order that the variables are 
listed in the statement. !f a particular 
piece of information is not available for an 


Listing 4; A program used to add new 
names, addresses, etc, to the list. 


PRINT “PROGRAM # 4 - ADD TO LIST -" 


INPUT “FILE NAME") FILE.NAMES 
FILE FILE.NAMES( 128) 
IF END #1 THEN 100 


REM FIND ENB OF FILE 


FOR RECORD=1 TO 1000 
READ #1,RECORDING 
NEXT RECORD 


190 REM ADD TO END OF FILE 


FOR RECGRD=RECORD TQ 1000 
PRINT: PRINT 
PRINT “NEXT RECORD “I RECORD 
INPUT "NAME"INE 
IF NS="END" THEN 200 
INPUT "CALL "ICSE 
INPUT “STREETS S$ 
INPUT "CITY": TS 
INPUT “STATE AS 
INPUT "ZIP"az? 
INPUT "“PHONE'IPS 
PRINT #1, RECORDING, CE, SF, Ths Abst S’ PS 
NEXT RECORD 
200 END 


Listing 5: A program used to update the 
mailing list. 


PRINT "PROGRAM #5 - UPDATE LIST -” 


INPUT “FILE NAMES FILENAMES 
FILE FILẸ-NAME$C 128) 
IF END #1 THEN 200 


INPUT "CALL SIGNS CALLE 
REM SEARCH FOR RECORD TO BE CHANGED 


Fok RECORD=1 10 1000 
READ #t.- RECORDING, CE 
IF CHeCALL& THEN 100 
NEXT RECORD 


100 FRINT "NEw INFORMATION.” 


INPUT “NAMETINS 

INPUT “CALL SEGN'ICS 

INPUT “STREET I SF 

INPUT “CI Tyas TS 

INPUT “STATE AS 

INPUT “ZIP"IzZ§ 

INPUT “PHONE'ETPS 

PRINT #1 RECOWDIN $6C¥e SS The AS 2 Se kB 


200 END 


entry, a dash or some other character 
should be entered to keep the order of the 
data in the record constant. 


Program 2 


The mailing list is printed by program 2 
(sce listing 2). The particular file containing 
the address information is selected by the 
first lines of the program. The user is then 
asked if phone numbers are to be included 
in the printout. Phone numbers would be 
printed if the list is being used for a member- 
ship list or directory. If the list is being used 
for mailing labels, phone numbers would 
most likely be omitted. Program 2 prints the 
contents of the file in the following format: 


NAME 1 CALL 1 
STREET 4 

CITY 1 STATE 1 ZIP 1 
PHONE t “if selected” 

NAME 2 CALL 2 
STREET 2 

CITY 2, STATE 2 ZIP 2 


PHONE 2 “if selected" 


Program 3 


Program 3 (see listing 3) is used to print 
the list in the following format: 


NAME 1 

STREET 4 
CITY 1,5TATE 1 ZIP 1 
PHONE 1 “if selected" 


CALL 1 


NAME 3 CALL 3 


STREET 3 etc 


CITY 3,STATE 3 ZIP 3 
PHONE 3 “if selected” 


This program is similar to program 2 except 
that the program reads two records from the 
disk at a time. The variable FLAG is used to 
insure that the program prints the last record 
if there is an odd number of records in the 
file. 


Program 4 


Additional records may he added to the 
end of the file with program 4 (see listing 4). 
After the file is selected and opened, records 
ae read until the end of the fite is located. 
After the end of the file is located, addi- 
tional information is entered by the user and 
records are added sequentially to the end of 
the file, This operation continues until END 
is entered for a NAME. 


Program 5 


Changes in address, phone numbers or 
other sections of an existing record may 
have to be made. Program 5 (see listing 5) 
allows the user to select a particular record 


NAME 2 
STREET 2 
CITY 2, STATE 2 ZIP 2 
PHONE 2 “if selected” 


CALL 2 
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Listing 6: A program used to insert new entries 
inte the fist. 


PRINT "PROGRAM #64 - INSERT NEW ENTRY -" 


INPUT "FILE NAME"; FILENAMES 
FILE FILE-NAMESS 1289 
IF END #1 THEN 100 


INPUT “CALL SEGN" CALLS 
REM FIND FAD OF FILE AND RECORD CONTAINING CALL 


FOR KECORCa! 10 1000 

FEAD #1. hNECORDINS. CS 

IF CALL £&2C8 1HEN LOCATIONS RECORD 
NFK? RECORD 


160 TF COCATEONeO THEN PRINT “WOT FOUND": 570r 
FUN] SHs RECORD- 1 


REM MOVE RECORDS UP 1 STARTING AT LOCATION 


FOR RECORD=FINISH TO LOCATION STEP -I 
READ #1, KECORDINS, CH Sfr 75: ADZS FPS 
FRINT #1, RECORD*+ IINE, CS SS TSs ASs2 8. PS 

NFAT RECORD 


REM INSERT] NEW RECORD 


INPUT “NAME“INS 
INPUT “CALL TICS 
INPUT “"SIREET' I 53 
INPUT “CITY™I TS 
INPUT "STATE"# AS 
INPUT "“ZIP‘IHZS 
INPUT “PHONE"IPS 


PRINT @#LeLOCaATIONINS, CS, Sr Tf, ASZ PE 


END 


and reenter the information on that record. 
The user first enters the call sign which 
identifies the record to be changed. The 
program then reads through the file until a 
match is found. If no match is found the 
program ends. If a match is found the user 
may reenter the information for that record 
including any necessary changes. 


Program 6 


If the mailing list is kept in same logica! 
order such as alphabetical, it may be neces- 
sary to insert records into the file. Program 6 
(see listing 6} enables the user to insert a 
new record anywhere into the file. The user 
enters the call sign of the existing entry 
where the new record is ta be inserted, The 
program then reads through the file looking 
for a match. When a match is found the 
record number is stored as variable LO- 
CATION. The program continues reading 
through the file until the end of the file is 
located. All the records from LOCATION 
to the end of the file are moved up one 
record to allow room to insert the new 
record. The user enters the information for 
the new record which is then written into 
the file. This method of inserting new 
records into the file in their proper location 


SAVE THE WHALE 


The Fin Whale is the world’s greatest long-distance communicator. 


Scientists believe that loud, deen-tone, low-frequency 
sounds made by Fin Whales {frequencies around 20 
hertz, or cycles per second) actually travel 
underwater for distances of at least 500 
miles, and under optimum conditions 
might carry for a radius of over 
4,000 miles, potentially reach- 
ing an area greater than the 
antire Atlantic Ocean. 


Duuwimg hy 
Des Sree 


Fin Whales, the second largest 
creatures ever to have lived on planet 
earth, grow up to 24 meters in length {ex- 
ceeded only by the 30-meter Blue Whale), and 
inhabit all the oceans of the world. Tens of thousands of 

Fin Whales have been “harvested” in recent years, by agreement 
of the International Whaling Commission, for the sale of products 
for which substitutes are readily available. 


The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, non-profit edu- 
cation and conservation organization dedicated lo seeking the abolition of all whale killing. Any 
concerned citizen can help our efforts by sending name and address and a $15 or more contribution 


ta: CCS, P. O. Box 145, Wethersfield CT 06109. 
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is much faster than adding the new records 
to the end of the file and running the file 
through a sorting routine. 


Program 7 


From time to time it may be necessary 
to eliminate records from the file. Program 
7 (see listing 7} enables the user to locate 
and remove a record within the file by 
specifying a CALL SIGN, The program 
reads through the file looking for a record 
with a matching CALL SIGN. If a match 
is found, the record number is stored as 
variable REMOVE. The program continues 
reading through the file until the end of the 
file is located. ALL the records in the file 
from record number REMOVE to the end 
of the file are moved down one record, 
climinating the gap that would have been 
left by the removal of the record. | hope 
this mailing list program will be of use to 
readers. @ 


Additional Notes on BASIC-E 


Listir 
from 


PRINT 


ig 7: A program used to remove entries 


the fist. 
“PROGRAM @7 - WKEMOVE ENTRY FROM FILE -" 
INPUT “FILE NAME" FILENAMES 


FILE FILENAMES. 126) 
IF END #1 THEN 100 


INFLUT “CALL SIGN") CALLS 


REM SEARCH FOR RECORD AND END OF FILE 


FOR 


NEX 


KEM k 


FOR 


NEX 


RECORD=1 10 1000 

READ #1, RECORDING. CS 

IF CALL $=CS THEN REMOVE® 
7 RECORD 


KECORD 


100 IF REMOVESO THEN PRINT "NOI FOUND : 
FINI SH=RECORD- 2 


E-PACK FILE 


RECORD= REMOVE TO FINI SH 

READ #)-RECORD+ LINSs CEs SS. The AS ZS PS 
PRINT #@1-RECORDINS,» CS. S$. 152 ASZ PS 
T RECORD 


REM BLANK OUT LAST RECORD 


ENP 


PRINT #IOFINISH+ 15° "n n,n npo n, te on 


The following points will aid in converting programs written in Microsoft (MITS, 
Applesoft, OSI, Commodore) BASIC to BASIC-E. 
BASIC-E does not allaw !F-THEN statements to be located anywhere other than at 


the beginning of a line. 


EXAMPLE: 100 A= 2.2: D=E+1: IF A=D THEN 200 


The above line would not be compiled by BASIC-E because the IF-THEN statement is 
not at the beginning of the line. The solution to this problem involves using the editor to 


insert a carriage réeturn/line feed in place of the : 


preceeding the IF-THEN statement. 


After this is done the line will be in the following form which will be compiled correctly: 


100 A= 2.2;D=E+1 
IF A =D THEN 200 


BASIC-E uses the statement RND for random number generation. The editor can be 
used to replace all the RND {x) statements in the Microsoft BASIC program with RND. 

BASIC-E does not have a SPC (x) function. Use the editor to replace “SPC ("" with 
“TAB { pos +”. The new function will then be TAB (POS + x}, which has the same effect 


as SPC (x). 


The most serious inconsistency between Microsoft BASIC and BASIC-E is in the area 
of variable names. Microsoft BASIC allows a variable name used as a dimensioned array 
to be independently used as a simple variable. For example, Microsoft BASIC would 
allow the use of 4 (3, 2) and A as two separate variables in the same program. BASIC-E 
does not allow variable names used on arrays to be used as simple variables. The solution 
involves either changing the array variable name or the simple variable name. 

BASIC-E is very particular when it comes to print statements. Semicolons must 
separate all sections of BASIC-E print statements. For example, 100 PRINT “NUMBER” 
NUM” DATE” DAT would run properly in Microsoft BASIC. The line would have to be 
connected to the following form to run in BASIC-E: 


100 PRINT “NUMBER”; NUM; “DATE”: 


DAT 


BASIC-E will not insert missing spaces in a line as Microsoft BASIC will. For 
example: 


100FORI=1T010:NEXTI 


The above line would run in Microsoft BASIC but it would have to be converted to the 


following form ta run in BASIC-E: 


100 FOR I = 1 TO 10: NEXT I 


510r 


"Hu n 
a 
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Much has been written on the subject 
of Conway’s game of Life, but most of the 
literature on this subject has been devoted 
to configurations, patterns and theorems, 
Little has been written about methods of 
actually implementing Life programs on a 
computer. To correct the paucity of in- 
formation, this article is devoted almost 
exclusively to Life algorithms. My associ- 
ates Peter Raynham and David Buckingham 
have given invaluable assistance in the 
development and refinement of the algo- 
rithms contained herein. For convenience, 
the algorithms, with a few obvious ex- 
ceptions, will be given in a pseudolanguage 
resembling ALGOL. 


Life Algorithms 


Mark D Niemiec 


Computer Communications 
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Network Group 

E4, room 23694 
University of Waterloo 
Waterloo, Ontario 
CANADA N2L 3G1 


About the Author 


Rules of Life 


The game of Life deals with patterns 
that change according to certain rules. 
The changes proceed in discrete steps 
called generations. The patterns are con- 
figurations of bits (or cells) which may 
have two states: live and dead. These states 
are analogous lo true and false or 1 and O. 
The Life cells are arranged in a square 
field of infinite size (ie: arbitrarily large). 
Each cell has eight neighbors: those cells 
orthogonally adjacent to it on all sides 
as well as diagonally. If a live cell has two 
or three live neighbors, it lives in the next 
generalion: otherwise it dies. If an empty 
cell is surrounded by exactly three living 
cells, a new one is born there in the next 
generation. Dead cells not meeting this 
requirement remain emply. 


Simple Algorithm 


A simple algorithm for performing these 
operations is shown in listing 1. The pattern 
resides in the old and new arrays within 
limits MINX through MAXX and MINY 


Mark Niemiec is currently a third year mathematics student at the 
University of Waterloo, Introduced to Life by one of the articles in 


Scientific American, he has been actively involved in local Life groups 
in Sarnia and Waterloo, Canada. He has had several Life related dis- 
coveries published in the now defunct LIFELINE newsletter. His other 
related interests include computer graphics and automate theory. 
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through MAXY, The major problem with 
this algorithm is that it requires two arrays, 
one to hold the present generation, and one 
to hold the next. Since only one bit is really 
used in each element of the array, both 
arrays may be stored together in the com- 
puter memory using one byte per element. 
The cells of the new generation are kept in 
one half (or nybble) of the byte, while 
the data for cells of the current generation 
is stored in the upper half of the byte. This 
has the advantage of using only one loop, 
since the loop at the end is no longer re- 
quired to copy data between arrays. 


Improving the Simple Algorithm 


A simple observation leading to further 
improvement is that the computed value 
of a cell in the next generation will be 
1 if and only if the sum of the values of 
itself and the values of cells in its neighbor- 
hood is 3. This pertains to the case where a 
cell is 1 and the neighborhood is 2, and to 
the case where a cell is O and the neighbor- 
hood is 3. The new cell will be 1 only if 
the neighborhood ORed with the old cell 
itself is equal to 3. If we use a language with 
primitives like AND, OR, XOR, and NOT 
for bit manipulation, we can eliminate one 
of the IF statements. This makes the cade 
simpler and faster, This new algorithm 
appears in listing 2. 

Each of the above algorithms acts on 
one cell at a time. While this approach is 
easy Lo program, it is not terribly efficient. 
Even using assembler language we gel 
an efficiency ratio of only about 15 1o 
20 instructions per bit. This may seem 
adequate for most applications, but it 
is not sufficient when running extremely 
large patterns, or running any pattern 
for a very long time. While one or two 
bits per byte may be adequate storage 
density for many applications, small com- 
puters and large patterns demand greater 
densily. 


Other Possibilities for Improvement 


Let us now examine algorithms which 
are not restricted to calculating or aulo- 
mating the next generation for one bit 
at a lime. The obvious advantages of such 
algorithms are increased memory and time 
elficiency. However, there are several 
major disadvantages from the point of 
view of the algorithm designer. Since the 
program must perform several calculations 
simultaneously, we cannot use decision 
primitives (ie: the IF statements in the 
previous examples). 

We are therefore 


restricted to using 


individual bit and byte manipulations, 
in much the same way that a parallel adder 
device adds numbers without making deci- 
sions about such things as carry bits. The 
algorithm in listing 3 uses binary integers 
of any length, allocating three bits per Life 
cell. Using this algorithm, we can effec- 
lively automate n/3 cells at the same time, 
where n is the word size in bits. 

The entire pattern is divided into vertical 
strips of n/3 columns, which are all auto- 
mated simultaneously, The program must 
include means to provide the necessary 
neighbors for the cells at the edges of the 
strips. With the other algorithms, we can 
keep track of the limits of the pattern 
and automate only within those limits. 
However, using the vertical strip method, we 
can keep track of the height of the pattern 
only, since the pattern is chopped up across 
ils entire width, 


Vertical Strip Method 


In the example shown in listing 3, | used 
a hybrid notation combining high level and 
lower level instructions in order to concen- 
lrate on the actual calculation algorithm. 
| wished to avoid using low level code for 
the mechanics of indexing and loops, which 
are better illustrated in a high level language. 
| tried to choose low level instructions that 
are available on most machines: load and 
store, left and right shifts and Boolean 
operations. 

In the coding of fisting 3, the lines 
beginning at point 1 copy over the bits 
at the edge of each strip in the overall 
patlern to the extreme edges of the adjacent 
strips so that one contiguous array is sim- 
ulated. Lines starting at point 2 add up 
the values of the neighbors and perform a 
logical OR of the current state, as described 
earlier. Lines of code at point 3 basically 
calculate the following for every bit: 


Ba = SUM 7 pi) N SUM(9 pit) N (SUM 4 pi? 


Or in English, the resultant bit (Bg) is the 
logical sum of the 1 bit ANDed with the 
sum of the 2 bit ANDed with the negation 
of the sum of the 4 bit. The code at point 
4 cleans up the garbage bits and stores the 
new result, Lines of code after point 5 
merely copy the new field to the old, as 
before. 

With this algorithm, the interior of the 
calculation loop takes 17 instructions. 
Subscripting is assumed to be ‘free’ for 
array indices so close together, with constant 
displacements, If we use a processor with 
a word length of 16 bits, we have an effi- 
ciency ratio of 17/4, or less than 5 machine 


Figure F: Transformation of a Life pattern through 
three generations. This process is sometimes referred 
to as the automation of the pattern. Generation Q is 
the original pattern of live cells. The succeeding 
generations proceed according to the rules of 
birth, existence and death. 


FOR Y := MINY TO MAXY BY | DO 


BEGIN 
FOR X := MINX TO MAXX BY I DO 
BEGEN 
SUM c= OLI Y-1.X-1) + OLDCY-1.X%) + OLD(Y-1,X+1) 
+ OLIXY .X-1) + OLD(Y .X+1) 
+ OLD Y+1.X-1)} + OLD(Y+1,X) + OLDCY+1,X41); 
I SUM = 3 THEN NEW(Y.X) = 5 
ELSE TF SUM = 2 THEN NEW(Y.X) := OLDCY.X) 
ELSE NEW(Y.X) := 0 
PND 
END 


FOR Y := MINY TO MAXY BY | DO 


BEGIN 
FOR X := MINX TO MAXX BY | DO 
BEGIN 
OLDCY.Xy = NEW(Y.X) 
END 
END 


Listing 7: The basic algorithm for computing Life generations. The cade 
presented here is written in a pseudolanguage resembling ALGOL. Each 
element of the matrices represents one cell. The second group of statements 
copies the complete new generation matrix into the ald generation matrix 
so that the procedure may repeat. 


FOR Y c= MINY TO MAXY BY | DO 


BEGIN 
FOR X := MINX TO MAXX BY I DO 
BEGIN 
SUM := OLD(Y-1.X%-1) + OLDCY-1.X%) + OLD(Y-1.X+1) 
+ OLD(¥ .X-1); 
SLUM := (SUM/16}; + OLD(Y (X+1) 
+ OLD(Y+1.X-1) + OLDCY+1.X) + OLDCY+1.X+1); 
SUM := SUM OR OLD(Y.X): 
OLD(Y.X) := OLPCY.Xy * 16: 
IF SUM MOD 8R = 3 THEN OLD(Y.X) := OLD(Y.X) + | 
END 
END 


Listing 2: A routine using bit manipulation by the logical OR operation. 
This enables the program to store the old and new generations in a single 
matrix, The key point is that a cell in the new generation will be I only 
if the sum of its neighbors ORed with | gives the result 3. To code this 
routine in tow level machine instructions, the user may use left and right 
shift operations to perform the multiplication and division, 
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instructions per bit, which is much better 
than the previous algorithms. 

One problem which arises is that, since 
the procedure works only with three bits, 
in some cases the neighborhood will have a 
sum sufficient lo cause a carry into the 
next bit. This can sometimes create erro- 
neous results, To prevent this, before all 
cight neighbors have been added together, 
the sum must be thus folded: if sum(4 bit) ÎS 
on, then turn off sum; piy and SUM (2 pit) 


FOR Y := MINY TO MAXY BY | DO 
BEGIN 
[1] OLD(Y .MINX- 1) OLD(Y.MAKK) / 8 
OLD(Y MAXX+1) := OLBCY.MINX) * 8 
FOR X := MINX TO MAXX BY I DO 


BEGIN 
[2] LOAD OLD(Y-1.X-1) 
ADD OLD(Y-1.X ) 
ADD OLD(Y-1.X+1) 
ADD OLD(Y .X-1) 
ADD OLD(Y .X+1) 
ADD OLD(Y+1.X-1) 
ADD OLD(Y+1.X ) 
STORE TEMPI 
NOT 
AND OCTAL’ 444. ..4' 
RIGHT 1 
STORE TEMP? 
RIGHT 1 
OR TEMP? 
AND TEMP | 
ADD OLD(Y+1 X41) 
OR OLD(Y .X ) 
[3] STORE TEMPI 
NOT 
RIGHT | 
AND TEMP | 
RIGHT | 
AND TEMP | 
[4] AND OCTAL’ JIII... 1? 
[5 STORE NEW(Y .X ) 


END 
END 


FOR Y := MINY TO MAXY BY |) DO 


BEGIN 
FOR X := MINX TO MAXX BY 1 DO 
BEGIN 
OLD(Y.X) := NEWCY.X) 
END 
END 


Listing 3: Routine to compute Life generations using cell data packed with 
multiple cells in a word. Several cells can have their new generations com- 
puted, or be automated at the same time. The code here is a generalized 
machine language with the high level iteration instructions retained for 
clarity. The pecking density is n/3, where n ts the word size in bits. The 
eflipses in the octal constants indicate that the method works for any word 
size. this method may be referred to as the vertical strip method from the 
manner in which it divides up the Life universe. 
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Complete Storage Efficiency 


All of the cell storage methods previously 
described involve wasting from 75 to 87 per- 
cent of storage in order to maintain program 
simplicity. We must eventually ask, ‘Why 
not use every bit?” By completely packing 
the data, cell storage becomes about eight 
times as compact as the original algorithm 
allowed, 

When each bit is surrounded by relevant 
data, though, a drawback arises: there is no 
room for any kind of arithmetic instructions 
which produce a carry to the next bit. We 
remove this difficulty by performing the 
arithmetic in the same way that hardware 
performs it. Since there exists no semi- 
conductor “add” gate, one adds by selec- 
tively combining the AND and exclusive 
OR {XOR) gates. Similarly, here it is pos- 
sible to add using only a large assortment of 
logical operators. 

One such solution, using PDP-11 machine 
code, is shown in listing 4. The BIC instruc- 
tion of the PDP-11, which is effectively 
an AND/NOT instruction, is actually more 
useful then a normal AND instruction in 
this case. A similar implementation for 
a different processor not having this instruc- 
tion might be slightly larger. 

This example shows that we can auto- 
mate 16 bits at a time in about 40 instruc- 
tions of 16 bits, which is about 2 1/2 in- 
structions per bit — more efficient than any 
previous method, If 8 bit instructions are 
used, we must approximately double the 
number of instructions per cell. This also 
holds for the previous algorithms of many 
bits per word, As an example of how this 
improves performance, we are able to 
automate 72 bits at a time on the Honeywell 
66/60 by looping with double word instruc- 
tions with an average of almost 2 bits per 
instruction, So, despite the fact that this 
method has the longest code segments inside 
the calculation loop, it is by far the most 
efficient method of those discussed. 


Life in Three States 


One generalization of Life is a 3 state 
version called /mmigration, which has the 
regular blank or dead state, plus fwo living 
stales, X and O, for instance. The rules 
are the same as those for Life, except 
that, upon birth, a new cell’s state is de- 
termined by the majority of parent cells. 
For example, three X cells or two X and 
one O will produce an X offspring. One 
use of the two distinct living states is to dis- 
tinguish the major predecessor of an object. 
A case in point: if two gliders collide to 
form a block, from which one does the 
block actually originate? 


HOW TO BEAT THE SYSTEM WITH SYNCHRO-SOUND 


High-performance, low cost complete Microcomputer Business Systems (plus Software) 
at EXTRA savings only Synchro-Sound can offer! 


5 


DIGITAL SYSTEMS DSC-2 


32K RAM, 4 RS-232 serial interfaces, 4u 

16 bits of parallel V0. Double density X 

floppy disk, Shugart dual-drive, oe 
Regular price $4995.00 


CENTRONICS 700 PRINTER 
With RS-232 Interface 


60 characters per second, 132 col- 
umn line. tractor feed. 
Regular price $1720.00 


HAZELTINE 1500 
VIDEO TERMINAL 


80 character lines, 24 line page, line 


a E, IMSAI VDP 80 
2-80 COMPUTER SYSTEM¢ neni i DATA PROCESSING 
r5 COMPUTER SYSTEM 


and page editing. Separate numeric man aat, 
keypad. En : 4 Regular price $2888.00 
Regular price $1149.00 „== —~ ee 
Erai 00 a P: $9883.00 
THE COMPLETE SYSTEM THE COMPLETE SYSTEM 


SAVE $369.00! 


CROMEMCO SYSTEM 3 ù 

Z-80 COMPUTER SYSTEM - 
32K RAM, dual disk drive, RS-232 in- v 
terface. S-100 bus. J 


Regular price $5990.00 


MODEL 3703 
LINE PRINTER 


180 characters per second, print line 
wel 132 cols., bi-directional print- 
ng. 

Regular price $2995.00 


CRT TERMINAL 
MODEL 3100 


80 characters per line, 24 lines, upto | 
19,200 baud, upper and lower case. 


Regular price $1595.00 @ 
$10,580.00 


THE COMPLETE SYSTEM 


Terminal and Printer substitutions may be made 
on any of the above Systems 


CUSTOMIZED HARDWARE SYSTEMS 
ARE AVAILABLE 


Complete modern servicing and consulting 
facilities on premises 


Circle 355 on inquiry card. 


oy $7495.00 


| a, 


A 
E E 


aP 


ow 910,095.00 
SAVE $485.00! 


~erhse TTT ig EA 


32K RAM, expandable to 196K. 


Parallel and serial 1/0. Megabyte 
mass storage, alphanumeric in- 
telligent keyboard. 


Regular Price $6995.00 


OKIDATA 22 PRINTER `° 


~ With RS-232 Interface 
Tractor feed, 132 column, 125 ipm, ' 
upper and lower case. 12 different 


fonts on command. 


ONLY $9445.00 
SAVE $438.00! 


Three software packages* that enable 
you to profitably make full use of your 
Microcomputer Business System 


ACCOUNTS RECEIVABLE PACKAGE Creates transaction file 
of charges, credits and payments. Batch mode for monthly 
statements and aged schedules. 

Operators manual and disk, single copy $500.00 


INVENTORY PACKAGE Maintains current listing of stock 
items, master inventory listing with price and cost data. 
Operators manual and disk, single copy $500.00 


ORDER-ENTRY PACKAGE (Requires Accounts Receivable 
and/or Inventory Package) Links Accounts Receivable and 
Inventory packages into one coherent, easy-to-use, time- 


reel a and disk, single copy $500.00 
Buy any of our 
3 MICROCOMPUTER SYSTEMS 
and any combination of these 


3 SOFTWARE PACKAGES ARE YOURS FOR 


HALF PRICE! 


*Require 48K Memory and Microsoft Basic 


SYNCHRO-SOUND enterprises. inc. 


The Computer People 


193-25 Jamaica Avenue, 

Jamaica, New York 11423 

212/468-7067 TWX: 710-582-5886 

Hours 9-4 daily Visit ournew showroom 
and Saturday Working units on display 
Dept BSY BankAmericard + Master Charge 
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Listing $: A program to 
manipulate cells stored as 
a single bit. This code 
uses the instruction set of 
the Digital Equipment 
Corp PDP-1?1 processor., 
The addition is performed 
by selective use of logical 
operations, Application of 
this method results in the 
greatest possible storage 
density. Although there 
are more fines in the pro- 
grain, automation of many 
cells simultaneously makes 
this the most efficient 
procedure discussed. 
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The major difference between this 
algorithm and regular Life is that one must 
keep track of the kind of bit, as well as 
whether a bit is alive or not. An algorithm 
which does this is shown in listing 5. For a 
living cell of type X, bit 1 of the byte is 
set 10 1; for a type O live cell, both bit 1 and 
bit 8 of the byte are scl to 1. The distinctive 
feature of this algorithm is that when a new 
cell is created, the kind of celf it becomes is 
determined by how many Is from bit 8 
have been added into the sum. Since bit 8 


is uniquely used, packing the old generation 
and the new into two halves of the same 
byte is no longer possible. Note that this 
algorithm will work in the same manner as 
a standard Life algorithm on an array 
containing only one of the living states, 


Life Generations of the Fourth Kind 
An extension of Immigration results 


in a version of Life having four different 
kinds of living states. The kind of cell which 


MOV OLD(Y-1.X-1).R0 (RI .RO) NEIGHBOURS 1+2 

MOV OLD(Y-1t.X J. RI 

XOR Ri RO 

BIC RO RI 

MOV OLDCY-1.X4+1).R2 (R2.R0) NEIGHBOURS (1+2)+3 

XOR R2.RO0 

BIC RO,R2 

BIS R2.R1 (RIRO) NEIGHBOURS I+2+3 

MOV OLD{Y+1.X-1)}.R2 (R2, R3) NEIGHBOURS 4+5 

MOV OLD(Y+I.X  ).R3 

XOR R3L.RI 

BIC R2.R3 

MOV OLD Y+1,X+1)}. R4 (R4.R2) NEIGHBOURS (4+5)+6 

XOR R4.R?2 

BIC R2. R4 

BIS R2.R3 (R3.R2) NEIGHBOURS 4+5+6 

XOR R2 RO (R2,R0) NEIGHBOURS (14+2+3)+(4+4+5+6) 
BIC RO.R2 

XOR R2.R1 (R2,.R1) CARRIES ({+24+3)+(4+5+6) 
BIC RI .R2 

XOR R3 RI 

BIC Rt.R3 

BIS RI .R2 

MOV OLD(Y .X-1),R3 (R4.R3) NEIGHBOURS 7+8 

MOV OLD(Y .X+1).R4 

XOR R4. R3 

BIC R3. R4 

XOR R3. RO (R3,RO) NEIGHBOURS (1+2+3+4+5+6)+( 748) 
BIC RO RS 

XOR RI .R3 (R4.R1) CARRIES (14+24+34+4+5+6)4+( 748} 
BIC R3.R1 

XOR RI .R4 

BIC R4.R1 

BIS R3,R2 

BIS R4.R2 

BIS OLD(Y .X J). RO (R0) IS OR'ED WITH ORIGINAL BIT 
BIC R2 RO NEIGHBOURHOOD OF > 4 CAUSES DEATH 
COM RI 

BIC RI. RO NEIGHBOURHOOD OF > 2 A NECESSITY 
MOV RO,NEWCY .X } 


TRS-80 


MICROCHESS is the culmination ot two years of chessplaying 
program development by Peter Jennings, author of the famous 1K 
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs 
and 16K APPLEs, in 6502 machine language, offers 8 levels of play 
to suit everyone from the beginner learning chess to the serious 
player. It examines positions as many as 6 moves ahead, and 
includes a chess clock for tournament play. MICROCHESS 1.5 for 


PLAY CHESS WITH 


BRIOGE CHALLENGER by George Duisman for 8K PETs, Level I! 
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person 
Contract Bridge against the computer. The program will deal hands 
at random or according to your criterion for high card paints. You 
can review tricks, swap sides or replay hands when the cards are 
known. No longer do you need 4 people to play! ........ $14.95 


ORDERS: Check, money order or VISA/Master Charge accepted: 
programs and cassettes guaranteed. If you have questions, please 
call us at 617-783-0694. If you know what you want and have your 
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400 
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can 


PET 


APPLE 


4K TRS-80s. in Z-80 machine language, offers 3 levels of play (both 
Level | and Level {I versions are included and can be loaded on any 
TRS-80 without TBUG). MICROCHESS checks every move for 
legality and displays the current position on a graphic chessboard. 
You can play White or Black, set up and play from special board 
positions, or even watch the computer play against itself! Available 
now at a special introductory price of only.............. $19.95 


YOUR COMPUTER! 


STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs, 4K 
Level | and l} TRS-80s, and APPLEs with Applesoft 11; Ten original 
simulation games such as Forest Fire, Lost Treasure, Gone Fishing 
and Diamond Thief, progressing from elementary to quite compiex 
with most suitable for schoolchildren. Includes a 64 page book 
giving flowcharts, listings and suggested modifications ... $14.95 


mail your order to the address below. Personal Software™ products 
are now available at all Radio Shack® stores throughout the United 
States and Canada, and from the PET and APPLE dealers listed 
below. New dealers are being added daily. For the name and 
address of a dealer near you, call us at 617-783-0694 today! 


Radie Shaek = theComputerStore Computerland 


ALABAMA 


COMPUTERLAND 
Huntswile AL 35805 


ALASKA 


ALPHA ELECTRONICS 
Anchaage AK 99503 


ARKANSAS 


DATACOPE 
Lally Rock AR 72204 


CALIFORNIA 


BYTE SHOP OF SACRAMENTO 
Citius Heights CA 


BUSINESS ENHANCEMENT 
COMPUSERVICE 
Escondido CA 92027 


CHANNEL DATA SYSTEMS 
Gulela CA 93017 


RAINBOW COMPUTING 
Granada Hills CA 91342 


BYTE SHOP OF HAYWARD 
Hayward CA 94541 


COMPLUTERLAND OF SOUTH BAY 
Lawndale CA 90260 


A-WIDD ELECTRONICS 
Long Beach CA 90815 


HOBBY WORLD ELECTRONICS 
Nonlhndge CA 91324 


CAPITOL COMPUTER SYSTEMS 
Sacramento CA 95616 


COMPUTEALAND OF SAN DIEGO 
San Diego CA 92111 


COMPUTERLAND OF 
SAN FRANCISCO 
San Francisca CA 94105 


COMPUTERLAND OF SAN JOSE 
San Jose CA 95129 


MARIN COMPUTER CENTER 
San Raphael CA 94903 


ADVANCED COMPUTER PRODUCTS 
Santa Ana CA 92705 


THE COMPUTER STORE 
Santa Monca CA 90401 


BYTE SHOP 
Susan CA 94585 


BYTE SHOP OF TARZANA 
Tureana CA 91356 


COMPUTERLASND OF 
THOUSAND OAKS 
Thousand Oaks CA 93360 


SMALL SYSTEM SOFTWARE 
Thousand Oaks CA 91360 


COMPUTER COMPONENTS 
Van Nuys CA 91411 

BYTE SHOP 

Wostimnsie: CA 92683 


COMPUTER COMPONENTS OF 
ORANGE COUNTY 
Wuslnunstst CA 92683 


COLORADO 


AMPTEC 
Denver CO 60216 


COMPUTERLAND 
Denver CO 80222 


CONNECTICUT 


COMPUTERLAND OF F AIRFIELD 
Farheid CT 06430 


THE COMPUTER SITOKE 
Harthurd CT 06103 


THE COMPUTER STORE 
Winusu Lochs CT 06096 


WASHINGTON D.C. 


COMPUTER CABLEVISION 
Washington OC 20007 


FLORIDA 


COMPUTERL AND 
Bova Ratun FL 33432 


THE COMPUTER STORE 
Biadentun Ft 33505 


THE COMPUTER STORE 
Ctearwatet FL 33516 


BYTE SHOP 
Fort Lauderdale FL 33334 


COMPUTERLAND 
Fort Lauderdale FL 33308 


FOCUS SCIENTIFIC ENTERPRISES 
Miami FL 33132 


GRICE ELECTAONICS 
Pensauola Hi 32589 


COMPLI TLRAGE 
Pompanu Beach FL 33062 


MICRO COMPUTER SYSTEMS 
Tampa Ft 33609 


COMPUTER CENTER OF 
PALM BEACHES 
West Palm Beach FL 33409 


HAWAIIL 


RADIO SHACK (Dealer} 
Lihue HA 96766 


ILLINOIS 


COMPUTEALAND OF 
ARLINGTON HEIGHTS 
Arlington ftagnts IL 03904 


FARNSWORTH COMPLITER CENTER 
Aurora IL 60505 


THE ELECTRONIC KEYBOARD 
Chicage H, GOGGIN 


EMMANUEL & GARCIA JA 
AND ASSOCIATES 
Crucago IL 60613 


COMPUTEALAND Ot NILES 
Nies IL 6OU48 


COMPUTEHLAND OF PEORIA 
Peona IL 61614 


INDIANA 


DATA DOMAIN OF FURT WAYNE 
Furt Wayne IN 46805% 


KANSAS 


PERSONAL COMPUTER CLNTER 
Quer Pack KY KBA 


CUMMIITER SYSTEMS DLSKIN 
Vente KS G72 td 


LOUISIANA 


COMPUTER SHOPPE 
Martti LA FOU 


FINE COMPUTEH GCORNEH 
While Plama NY tO 


NOATH CAROLINA 


COMPUTERLAND 
Chartuttes NC 26200 


BYTE SHOP 
ieem NC 27401 


MIGROCUMPLUTER SERVICES 
Hickey Mis 2800) 


UTAH 


THE HI Fl SHOP 
Salt Laker City UT add t? 


VIRGINIA 


COMPUTER HARDWARE STOHL 


Atucartiin VA 22 itd 


COMPUTERS PLUS 
Alucsendrt VA 224d 


MASSACHUSETTS HOME COMPUTEH CENTER 
; ws VA 2. 

ThE COMPUTER STURE Ay ai ae ADAL Eltati Newport News YA 24606 

Buriny MA TMS wag Pr THE COMPUTER PLACE 


THE Ta IMPLITER STORE 
Cartientye MA he Toy 


MADD HAT PY SOF TWAHE 
Cheted HA Ua Sort 


NEW ENGLAND ELECTRONICS 
Spaniel? MA S TIES 


MICHIGAN 


NEWMAN COMPUTER EXCHANGE 
Ann Aika ML SB Yh 


NEW DIMENSIONS IN COMPUTING 
East Lansing MI tahay 


GOMPLTEHL AMD OF 
GRANT RAPIDS 
Kuntung AAD Seat hb 


COMPUTER MART OF ROYAL OAK 
Ayal Chak Mi IS A 

THI CII Y COMPUTER MARI 
Sandy Mb AHIS 


CORIPLITE RG ANS 
Soult MI ang 


OHIO 


21ST CENTURY SHOP 
Comomnabl Ol 45202 


CYBER SHOP 
ialumbus Ol 49227 


MICRO MINI COMPUTER WORLD 
Goutumibus Obl A3214 


ASTRO VIDEO ELECTRONICS 
Liuttitotes OH 43150 


LOMPUTEALAND OF CLEVELAND 
Mayta Hingis C1 04121 


OKLAHOMA 


RUSINE SS MICRO SYSTEMS 
Dkithoma City OK PAUB 


Han TECHROLOGY 
fiblatvattia Gily OK FSG 


GH TECHNOLOGY 
Tulsa OK 74129 


OREGON 


Ruanui VA 24S 
WISCONSIN 


BYTE SHOP GF MILWAUKEE 
Greenini Wt 53227 


MADISON COMPUTER STORE 
Madison WI 53751 


WASHINGTON 


COMPUTERLAND OF SOUTH 
KING COUNTY 
Fauueral Way WA BEHS 


YE OLDE COMPUTER SHOPHE 


Raghav WA $9352 
CANADA 


KOBETEK SYSTEMS 
Woltsith: Nuva Scot BOP tXU 


COMPUTER INNOVATIONS 
Ollawa Ontanu KIG AAG 


MICRO-WARE 
Toumo Ontario M4E 2L2 


COMPUTERLAND OI PORTLAND ENGLAND 

Pk oun PRODUCTIONS Uyan OR 97224 avte iok 

a PENNSYLVANIA ugra Esses 
MINNESOTA PERSONAL COMPUTER CENTER INFOGUIDE 
COMPUTEALAND Frazer PA 19355 Lundon 
shee MNS THE COMPUTER WORKSHOP CYTEK 
MAIS Murrysville PA 15608 Mitra hester RIS 3B 

Ml fd N 

Minneapuls MN u45 RADIO SHACK (Dealer: PETSOFT 
MISSISSIPPI North Wales PA foio4 Newtury Berasittes HOGI IHE 


OXFORD SOF IWAHE CU 
Mhag MS HAH 


NEW YORK 


COMPUTER SHOP GF SYHACUSE 
Be Wok MY 12 14 


THE COMPUTEH THEE 
Endan WY 1376) 


LONG ISLAND COMPUTER 
GENERAL STORE 
Lyntiruuk MY tda 


GOMPUTER MICROSYSTEMS 
Marithigsel MY PIOJO 


THE COMPUTER FACTORY 
New York NY Mabe 


COMPLIIER EISE 
Auuu MY T409 


TuE COMPUTEH S] OĦF 
Ructastoe NY AGI 


AU COMPUTERS 
Purkasiw PA 18944 


KEEN COMPUTERS 
Nuttingtiam NGS IEN 


MUCAROTRONIX GERMANY 

| 3, H 
Prdadedpiis PA 19105 ING W HOFACKEH 
SOUTH CAROLINA B Marten 75 
DATA MART HOLLAND 
faruuovilles SC 29607 COMPUTRON 
TENNESSEE Dent Haag 2S2 EH 


GOMPUTER LABS tof MEMP ts 
Meowins ON i8117 


UON S COMPUTER Sin H’ 
Nashville TN 37211 

TEXAS 

COMPUTERLAND OF AUSTIN 
Austin TX Saree 

COMPUTER TERMINAL 

Ei Pass Ta FRN 


THE COMPUTER HOP 
Sain Anino TA CAV 


SWEDEN 


MICAOHUTURKE 
Stuchhomu 132A 


SWITZERLAND 


INTERFACE TE COE 
Bam 

IHAL. Hy COMPUTE 

Lo ooit 


biHATEA 
Weithmgen 


P.O. Box 136-81 Personal Software™ cambridge, ma 02138 
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Listing 5: A program to FOR Y 


perform calculations for BEGIN 
the 3 state, or Immigration FOR X 
game. Live cells are of two BEGIN 
distinct types. Cells are SUM 
stored one per byte. For 
one type of five cell, the 
byte has its 7 bit set to l. IF 
The other type of live cell 
is indicated by setting 
both bit T and bit 8 of ELSE 
the byte to i. Data stored 
by this scheme may not be 
packed further. ELSE 
END 
END 
FOR Y := MI 
BEGIN 
FOR X 
BEGIN 
OLD 
END 
END 


:= MINY TO MAXY BY I DO 


:= MINX TO MAXX BY | DO 


:= OLD(Y-1.X-1) + OLD(Y-1,X) + OLD(Y-1,X+1) 

+ OLD(Y ,X-1) + OLD(Y X+!) 

+ OLD(¥+1,X-1) + OLD(Y+1.X) + OLD(¥+1 ,.X+1}; 
OLD(Y,X} -= 0 THEN 

IF (SUM OR 1) MOD 8 = 3 THEN NEW(Y.X) := OLD(Y,X) 
ELSE NEW(Y.x%) := 0 


IF SUM MOD 8 = 3 THEN 
[IF SUM < 16 THEN NEW(Y.X)}) := | 
ELSE NEW(Y,X) := 9 

NEW(Y.X) := 0 


NY TO MAXY BY i DO 


>= MINX TO MAXX BY I DO 


YX) := NEW(Y.X) 


Listing 6: A program that ARRAY HASH(0::33) CONTAINING 


demonstrates a version of I, 
Life in which cells are in 0. 
any one of five possible 0, 
0 


Ll, 
1, 


9, 38. U0, Q, 0, I, 89, Ñ, 
537, 9, 57. 57, 0, 0, 9. I, 


89, 89. 0, 57,0. O, Q, 89, 
0, 89; 
:= MINY TO MAXY BY I DO 
X := MINX TO MAXX BY 1 DO 
N 
SUM := OLD(Y-1,X-1) + OLD(Y-1,X%) + OLD(¥Y-1.X+1) 
+ OLD(Y  |X-1) + OLD(Y ,„X+1) 
+ OLD(Y¥+1,X-1) + OLD(Y+1,X) + GLD(Y+I1.X+1}. 
IF OLD(Y.X}) -= 0 THEN 
IF (SUM OR I) MOD 8 = 3 THEN NEW(Y,X) := OLD(Y.X) 
ELSE NEW(Y,X) := 0 
ELSE IF SUM MOD 8 = 3 THEN NEW(Y.X) := HASH(SUM/8) 
ELSE NEW(Y,X) := 0 
:= MINY TO MAXY BY I DO 
X := MINX TO MAXX BY [| DO 
N 
OLDLY,X) := NEW(Y,X} 
V LIFE X ;F 
+1 pQe? O'C Xe Sa Fv eA sre by 4 Fe bye 16x 4X41 aXe 


57, 
states. A hash table is . Oo. 
used to determine the Rind 
of cel which is barn ta FOR Y 
various sets of parents. BEGIN 
FOR 
BEGI 
END 
END 
FOR Y 
BEGIN 
FOR 
BEG] 
END 
END 
Listing 7: The game of Life programmed in 
one fine of APL, This function accepts the C1} 


input pattern as a Boolean matrix and dis- 
plays it every generation. The reader js left 
to determine which algorithm is used. 
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may be born is determined by the majority 
of the parent cells. If no majority exists 
(ie: all three parents are different), a cell 
of the fourth kind is generated. Patterns 
containing only two kinds or one kind of 
live cells make this game become equivalent 
to [Immigration and Life, respectively. 

Listing 6 shows a procedure for auto- 
mating this Quad-Life. It is essentially 
the same as the Immigration algorithm, 
except that the determination of cell type 
is done most efficiently by using a hash 
table. The program may index a table con- 
taining cell types using the sum of the types 
of the parent cells. Since a birth can occur 
only between three live cells, the hashing 
function need only meet the condition that 
it be unique when any combination of three 
of the four different values representing the 
four different cell types is added together. 
The values 1, 9, 57, and 89, produce a 
unique hash. This is also the smallest solu- 
tion, giving a hash table with 34 entries, 
of which 20 are actually needed. 


Exploiting Language Power 


No proper treatment of algorithms is 
complete without a program written in 
one line of APL which performs the de- 
sired task. The program in listing 7 accepts 
‘the input pattern as a Boolean matrix and 
displays the pattern every generation. The 
grid is effectively of infinite size, since 
storage allocation for the pattern is grown 
and shrunk as necessary, The program 
warks only in origin 0, but changing it 
to work in origin 1 would be fairly trivial. 
Determining which algorithm is used here 
will be left as an exercise to the reader, 


Ultimate Purpose 


The more research that is done con- 
cerning Life, the more it appears that 
investigators are becoming less concerned 
with merely empirical questions such as 
"What does pattern such and such eventu- 
ally form?" — and more concerned with 
more esoteric problems such as entropy, in- 
formation theory and computability theory. 
Due to this shift in emphasis, it is becoming 
apparent that the future of Life algorithms 
will not rest in smaller and faster programs 
to automate Life. The advances of the future 
abide rather in highly specialized abstract 
mathematical programs for proving theorems 
or gathering statistics. However, for most 
enthusiasts, Life will always be a fascinating 
diversion that produces fascinating pictures 
on the screens of video displays.™ 


Circle 314 on inquiry card, 


NEW - FORTRAN PROCESSOR BOARD 
$5-50 BUS SWTPC PLUG COMPATIBLE 


EDIT, COMPILE and EXECUTE MODES 


All software in ROM for FAST access; NO RAM wasted; 
NO DISC System Necessary 


PSEUDO - TIMESHARE editor usable during FORTRAN 
program execution 


COMPILER generates COMPACT CODE consuming less 
RAM than BASIC 


On board LC processes in parallel with 6800 CPU 
Extra PROM spaces for subroutine packages 


Scientific Subroutine Package soon available (FFT, CAD, 
Matrix Manipulation) 


6800 FORTRAN 
FROM $125 


TOTALLY IN HARDWARE 


REAL TIME INTELLIGENCE CORP 
P, Ò. Box 9562 
Rochester, NY 14604 


MOZMNG)—t- Mm m4z— 


SUDKRTOLDOUAUREGUNSE DOD NGCRRCU LOCH DOOLLCOHSCHTEER ROGETSRFURESSORORGDERESEd ESF AETST ADEN SCRE ROCSETOT COON SHOUTS FU NGSRONRIGOTRORLOGERFORISORESOR NAGE OTH A 


TETIGFTIPPIOECIOLIOLIFLIFLINIFINC ILL IPI LEPC EVIE Pie EiE rive tiliiiiisiilitiiii rt allislil iil ili iste elite Bibi 


EXCEEDS ALL SPECIAL 
STANDARDS! oar 


93.75 DISKETTES ‘3.55 MINIDISKS 
tain FO-1000 Series: Single tain MO-525 Senes: Single 


boxes Side Single Density boxes Side-Single Densiy 
alið 1 32 Seclors ofig = 1.10.16 Sectors 
FD-9000 Senes: Single Side‘ Single Densily- 
Critical Application 
FD-8000 Senes: Single Side‘Double Density 
FD-4000 Senes: Double Side: Single Densily 
FF-2000 Series: Flippy” -Reversible 
MD-525 Series: Single Side‘/Double Density 
MD-550 Series: D?” Double Side‘Double Density 
FF-525 Series: Flippy” -Reversible 


Write or call collect: (516) 433-0613 


MANCHESTER EQUIPMENT CO.,Inc. 


30 Midland Ave. « Hicksville, N.Y. 11801 
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Making a list’? 


Check here 
for new 
ideas 


DR DOBB'S JOURNAL OF COM- 
PUTER CALISTHENICS AND ORTHO- 
DONITA, volume | edited by Jim C 
Warren. 

(J This is a collection of everything 
from the first year of Jim Warren’s 
outstanding journal. 359 pp. $13.00 (no 
photo}. 


YOUR HOME COMPUTER by James 
White. 

O A clearly written nontechnical de- 
scription of personal computers that 
required no prior knowledge of com- 
puters or electronics. Yours for $6.00. 


GETTING INVOLVED WITH YOUR 
OWN COMPUTER by Leslie Solomon 
and Stanley Viet. 

C] Whether your interest in business 
applications, word processing, education, 
security, computerized video games, 
computer art and music. Robots, or 
amateur radio, this book will get you 
Started and keep you on the right track. 
216 pp. $5.95. 


UP YOUR OWN ORGANIZATION! by 
Donald M Dible. 

O A great handbook on how to start 
and finance a new business, this is the 
most comprehensive reference we've 
seen an the subject. 372 po. Available 
for $14.95 in hardcover. 


HOW TO PROFIT FROM YOUR 
PERSONAL COMPUTER by Ted G 
Lewis. 

DOU If you have wanted to use your 
personal computer in a profitable 
manner, and you feel you need some 
help planning programming techniques 
for common business applications, this 
baok is for you. 191 pp. $7.95. 


BASIC AND THE PERSONAL COM- 
PUTER by Thomas A Dwyer and Margot 
Critchfield. 

C After giving an in-depth course in 
BASIC, the book discusses microcom- 
puter hardware, graphics, word pro- 
cessing, sorting, simulation and data 
structures. Easy to read and informative. 
438 pp. $12.95 {no photo}. 


TV TYPEWRITER COOKBOOK by Don 
Lancaster. 

CL) A complete guide to low cost tete- 
vision display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of 
BYTE magazine. $9.95. 


THE CHEAP VIDEO COOKBOOK by 
Don Lancaster. 

(CD This latest in Don Lancaster's series 
of hardware books continues where 
the TV Typewriter Cookbook leaves 
off. New, inexpensive video display 
circuits {and the software to drive 
them) are described. 256 pp. $5.95 (no 
photo}. 
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Scientitic and angineering 
problem-solving 
with the computer 


APL AN INTERACTIVE APPROACH 
Second Edition, Revised by Gilman and 
Rose. 

O Here's an excellent way to introduce 
yourself to the APL language. Gilman 
and Rose have extensively updated their 
popular book to include the latest infor- 
mation about APL and the various forms 
now in use. $11.95. 


SARGON by Dan and Kathe Spracklen. 
C Written about the 1978 West Coast 
Computer Faire chess champ, “Sargon,” 
highly praised, is a program in Z-80 
assembler language. $14.95 (no photo). 


THE WIRED SOCIETY by James 
Martin. 

OO This is a fascinating and not-to 
distant account of what the future might 
be like, changed by the new telecom- 
munications technology. Prefacing his 
discussions with historical as well as can- 
temporary references, Martin Jures the 


_feader into an impending technical 


revolution, which will change corpor- 
ations, change government, and changes 
the lives of everybody. $12.95 hardcover 
(no photo), 


MICROPROCESSOR INTERFACING 
TECHNIQUES (Expanded 2nd edition} 
by Austin Lesea and Radnay Zaks. 

C) Now available in this newly revised 
edition featuring: new material on 
“useful circuits, an enlarged floppy disk 
section with new double density con- 
trollers, updates on LSI controllers—and 
much more. Including basic concepts 
and techniques, this book is a very com- 
prehensive handbook on interfacing. 
416 pp. $9.95. 


MICROPROCESSORS: FROM CHIPS 
TO SYSTEMS by Rodnay Zaks. 

(O A complete and detailed introduction 
tO microprocessors and microcomputer 
systems. $9.95. 


BASIC BASIC, 2nd EDITION by James 
S Coan. 

CQ If you're not already familiar with 
BASIC, this book is one of the best ways 
to learn about this popular computer 
language. BASIC {which stands for Be- 
ginner’s All-Purpose Symbolic Instruc- 
tion Code} is easy to learn and easy to 
apply to many problems. $8.95. 


ADVANCED BASIC by James § Coan. 
C) This is the companion volume to 
James Coan’s Basic BASIC. In this book 
you'll learn about some of the more 
advanced techniques for programming 
in BASIC, including string manipulation, 
the use of files, plotting on a terminal, 
simulation and games, advanced mathe- 
matical applications and more. $8.95. 


CHESS AND COMPUTERS by David 
Levy. 

O This 145-page paperbound book is 
loaded with chess games played by 
computers. The games are computer 
versus computer and computer versus 
human. $8.95. 


CHESS SKILL IN MAN AN 
MACHINE edited by Peter W Frey. 

O This is a most fascinating book, con- 
cerning itself with the when, how, and 
why of computer chess. $14.80 hard- 
cover. 


SCIENTIFIC AND ENGINEERING 
PROBLEM SOLVING WITH THE COM- 
PUTER by William Ralph Bennett Jr. 

C] Besides teaching BASIC (which it 
does admirably), this lively, lucid book 
presents a wealth of imaginative and 
unusual applications programs taken 
from many disciplines, In its diversity 
and elegant style, it ranks with Donald 
Knuth's works as a milestone in the art 
of computing. Hardcover, $19.95. 


GAMES, TRICKS AND PUZZLES FOR 
A HAND CALCULATOR by Wallace 
Judd. 

C Got a friend who won't have any- 
thing to do with calculators? You just 
might woo him or her into the electronic 
age with some of the tricks in this book. 
Capers, games and astounding calcula- 
tions are here to dazzle. They've even 
pulled a calculator apart to show you 
what the insides look like! A neat book 
for anyone suffering from technophobia 
or plain boredom. 91 pp. $4.95. 


FUNDAMENTALS OF RECORDKEEP- 
ING AND FINANCE FOR THE SMALL 
BUSINESS by Robert C Ragan, CPA, 
and Jack Zwick, Ph.D. 

C] Once you have your organization 
or business up and running, records 
must be kept. 196 pp. Only $10.00 in 
hardcover. 


THE ART OF COMPUTER PRO- 
GRAMMING by Donald E Knuth. 
Praised by many critics as the best 
books in their field. These books are 
part Of a projected seven volume omni- 
bus survey of computer science now 
being completed by Donald E Knuth. 
CI Volume I, Fundamental! Algorithms, 
634 pp. $21.95 hardcover. 
CO] Volume ll, Seminumerical 
rithms, 624 pp. $21.95 hardcover. 
C] Volume Ill, Searching and Sorting, 
722 pp; $21.95 hardcover. 


FUNDAMENTALS AND APPLICA- 
TIONS OF DIGITAL LOGIC CIR- 
CUITS, 2nd edition by Sol Libes. 

O You'll find everything from the basic 
theory, to various circuit designs, to the 
most recent applications, including the 
circuitry of catculators, digital voltme- 
ters, frequency counters, and computers. 
200 pp. $7.95. 


SMALL COMPUTER SYSTEMS HAND- 
BOOK by Sol Libes. 

O] This is an introductory text for those 
with a minimal knowledge of electronics 
who are interested in microcomputers as 
a hobby. The author explains microcom- 
puter concepts from number systems 
and logic circuits to programming lan- 
guages and applications with the empha- 
sis on practical knowledge. 197 pp. 
$8.45, 
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THE LITTLE BOOK OF BASIC STYLE 
by John M Nevison. 

(CO This book teaches you how to write 
clear, well-planned programs you can 
read. 151 pp. $5.95 Ino photo). 
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SOME COMMON BASIC PROGRAMS 
by Lon Poole and Mary Borchers. 

O At last, a single source for all those 
hard to find mathematics programs! All 
the programs are written in a restricted 
BASIC suitable for most microcomputer 
BASIC packages, and have been tested 
and debugged by the authors. $8.50. 
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City. 


Signature 
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SOCIAL EFFECTS OF COMPUTER 
USE AND MISUSE by J Mack Adams & 
Douglas H Haden. 

Most of us have come to accept the 
presents of computers in our lives. Their 
effect on society as a whole Is worthy of 
carefull consideration, This book surveys 
the evolution of computers, their appli- 
cation, and the social, economic and 
philosophical implications of their in- 
creasing use. 326 pp. $10.00. 


PROGRAMMING A MICROCOMPU- 
TER: 6502 by Caxton C Foster. 

CO This informal, well-written book may 
be just what you need to enter the world 
of microcomputers. Foster uses the 6502 
microprocessor (used in the KIM-1, the 
PET, and the Apple microcomputer 
systems) as a basis for discussing the 
techniques of writing programs. 231 pp. 
$9.95. 


TOP-DOWN STRUCTURED PRO- 
GRAMMING TECHNIQUES by Clement 
L McGowan & John R Kelly. 

C What is structured programming? The 
authors answer this question in this 
lively, well-written book. 288 pp. $15.95 
hardcover. 


6800 ASSEMBLY LANGUAGE PRO- 
GRAMMING by Lance A Leventhal. 

(J From Osborne & Associates we have 
another in their series of microcomputer 
books. Lance A Leventhal discusses as- 
sembly language programming for com- 
puters using the 6800 microprocessor. 
The 6800 instruction set is presented in 
depth with chapters on assemblers, sim- 
ple programs, code conversion, tables 
and lists, subroutines, input/output, 
interrupts, program design and docu- 
mentation, and sample projects. $8.50. 


ACCOUNTS PAYABLE AND AC- 
COUNTS RECEIVABLE by Lon Poole 
and Mary Borchers. 

C This is a set of 21 programs which 
constitute an invoice-linked accounts 
payable and a low-volume invoice ac- 
counts receivable system for small busi- 
nesses. It is the third in Osborne & Asso- 
ciates’ series of BASIC business programs 
and will be complemented by the soan 
to be published General Ledger. 318 pp. 
$15.00. 
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The Digicast System 


A | Halsema 
4921 Patrae St 
Los Angeles CA 90066 


Receiving Data and 


Imagine turning on your radio and re- 
ceiving the latest copy of BYTE—or receiv- 
ing only the news of interest to you. Tuning 
in to a program could mean exactly that: 
you would receive software source code 
listings, binary object code listings, and do- 
cumentation. All of these are possible with a 
revolutionary new system called Digicast. 

Digicast is similar to Britain’s Teletext 
and France’s Antiope systems, but would 
be transmitted by commercial FM radio 
stations. Teletext data is broadcast during 
a portion of the vertical blanking time by 
television stations of the BBC (sce figure 
1). Decoded by logic connected to the 
television set, Teletext news and announce- 
ments are dialed up and displayed on the 
television screen at the viewer's option. 


Operation 


To understand how Digicasting would 
work, consider FM stereo broadcasts. FM 
stereo is transmitted as two separate signals 


HORIZONTAL 

BLANKING 

AND SYNC 
EQUAL- 
IZING 
PULSE 


EGUAL- 
IZING 
PULSE 


VERTICAL 
SYNC 


modulating the same radio frequency carrier. 
Both channels of the stereo signal are com- 
bined into one monaural signal. This com- 
bined signal is what you hear when listening 
with a monaural only FM receiver. A second 
signal of 38 kHz away from the center fre- 
quency, amplitude modulated by left 
channel minus right channel difference 
information, is also transmitted (sec figure 
2}. This is called the pilot carrier, and is used 
in the receiver's stereo demultiplexer to 
separate the two stereophonic signals. Stereo 
and other Subsidiary Communications 
Authorization (SCA) signals are transmitted 
only by FM stations due to the wide band- 
width assigned to the stations by the Federal 
Communications Commission. This wide 
bandwidth (150 kHz, with deviations of 75 
kHz above and below the center frequency 
of the carrier) is required to reproduce high 
fidelity music. Stereo transmissions do not 
exhaust the bandwidth available to an FM 
Station, however. Digicast signals can be 
broadcast in exactly the same way as stereo- 
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Figure J: Video synchronization signals. The pulses riding on the waveform at the “blacker than 
black” voltage level are horizontal sync pulses. Intervals between the horizontal syne pulses can be 
used to carry information, and are so used in the Teletext and Antiope systems. This portion of the 
video can be seen if the vertical hold control on the receiver is misadjusted slightly to roll down the 
picture. Nonblack portions visible in the bar displayed are test signals added at the transmitter. Note 
that this figure is not to scale, since more horizontal sync pulses actually appear during the vertical 
blanking time than are shown here. 
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Information Over Your FM Radio 


Digicast and Digicasting are 


proprietary names protected 
STEREO STEREO MONAURAL by trademark laws. 
15 kHz IS KHz I5 KHz 


67 kHz Sa kHz CENTER 
FREQUENCY 


74 


Figure 2: Frequency assignments in an FM station's signal. Not all stations trans- 
mit both stereo and SCA {background music). Spaces between the various signals 
are required to allow separation and reduce mutual interference at the receiver. 


Figure 3: Simplified block 
diagram of the Digicast 
system from input to out- 
put. 
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phonic music. Reception would require the 
use of a wide bandwidth FM receiver with 
subcarrier output jacks ta allow connection 
of the Digicast demultiplexer. This demulti- 
plexer would be similar to a standard stereo 
demultiplexer, but with a different operating 
frequency and output voltage levels. The 
demultiplexed data would be fed into a 
computer via a standard Universal Asyn- 
chronous Receiver Transmitter (UART) 
circuit {see figure 3). Data rates of 4800 
to 9600 bps are envisioned. The higher 
data rates may require the use of special 
fast rise time receivers. 


Applications 


Digicast is designed to allow serial read 
only access to large data bases. One such 
data base is the news. Used in the newscast 
mode, Digicast would provide high-speed 
transmission and reception of all the news 
in alphanumeric form. The computer at the 
receiving end would be programmed to 
select those items containing keywords of 
interest to its owner and to store or print 
them for later reading. A news transmission 
facility is simple to implement, since the 
news is received in machine intelligible 
form from the wire services (ie: UPI, AP, 
Reuters, etc). Software at the receiver can 
range from the simplest search and save 
program to complex artificial intelligence 
programs to correlate data and extrapolate 
stock market trends. (Stock market and 
commodities quotations are also available 
in machine readable form.) As the amount 
of news and information increases to the 
saturation point, a UHF television channel 
(6 MHz bandwidth) could be allocated for 
this purpose. A 6 MHz channel could handle 
a 6,000,000 bps data rate, spurring deve- 
lopment of still faster microprocessors. An 
alternate approach to the problem of infor- 
mation saturation is to use additional FM 
stations in the area to handle additional 
data. Digicasting will reduce the amount of 
paper needed for newsprint, and reduce 
pollution levels. How much of your news- 
paper do you read? Once read, most news- 
paper becomes trash, adding to paliution. 


Current Status 


For Digicast to be a success technically, 
it must also be a financial success. An FM 
Station can be equipped with the needed 
electronics for under $10,000, and sub- 
scriptions to the service sald to the public 


on a monthly basis. Specialized Digicast 
receivers could be mass-produced now for 
$50, exclusive of the computer, related 
software and peripherals. To insure that no 
pirating of the broadcasts takes place, the 
data can be encrypted, with 2 new decrypt- 
ing key being mailed to subscribers on a 
monthly basis. 

Digicasting is being developed by the 
Digicast Project directed by Jim C Warren Jr, 
who has edited Or Dobd’s Journal of Com- 
puter Calisthenics & Orthodontia, and has 
also been the organizer of the West Coast 
Computer Faires, The project expects to 
have a Digicast facility operating in the 
San Francisco area by the end of 1979, but 
needs both technical and financial help. The 
project is currently financed by subscrip- 
tions to the éntelligent Machine journal, 
which prints news and details of the project; 
you may offer technical help and buy sub- 
scriptions ($18 a year) by writing to Jim C 
Warren Jr, 345 Swett Rd, Woodside CA 
94062.8 
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Write bug-free code faster in BASIC, 
FORTRAN, or COBOL with our 
unique software development system 


Enjoy a bonus in better documentation and easier modification, too 


Yes, you really can get flawless code faster, 
using the Stirling/Bekdorf™ system of software de- 
velopment tools with structured programming con- 
cepts. Not only does the system help prevent errors, 
it also helps you trap errors you do make, quickly. 

Each tool is human-engineered to do its job 
better. Every step in the programming process, 
Irom initial logic design through print-out or display 
layout. flows more smoothly with the Stirling/Bekdorf 
system. Designed to make fullest use of structured 
programming concepts, our software development 
tools are human-engineered to reduce initial errors, 
improve debugging speed, and aid concept commun: 
ication. 

When you use “top-down” structured program 
ming, the first parl of our system to help you is 
Ihe 78F2 Flowchartrix™ no matter what language 
you're using. You use it first to lay out your original 
concept blocks. Then you use it to write a finely 
detailed flowchart quite smoothly. 

54% more logic cells than other flowchart forms, 
so you get far more of your program on each page. 
Each Flowcharirix has a full 7? logic cells, not just 
50. This not only saves paper, but also makes 
your finished flowcharts easier to understand. By 
seeing up to 27 extra steps of your program on 
each page, you comprehend program flow more cl- 
early. That's important while writing the flowchart, 
more important when you write actual code. It's 
also extremely helpful when you debug, and indis- 
pensable when you come back months or years 
ater to modify your original work. 78F2's higher 
matrix count makes your flowcharts quicker to de 
bug because there are fewer pages to search for 
ears Fewer pages also save you money and stor- 
age space 

Unique matrix can show your loops AS loops. 
The 7 x 11 matrix gives you a central column to 
use for executive control logic, plus 3 columns on 
each side to describe loops and subroutines. {ni 
fact. these 3 columns on each side give plenty of 
room to write loops laid out visually as loops (sort 
of a squared circle). This makes loops and sub- 
routines easier to recognize, because their form is 
readily apparent at a glance. Since they're easier 
to find, and may even be completed on a single 
page, they're also simpler to debug or modify. 

Every matrix cell has a specific label to help 
you track branch points. Now it's far easier to 
follow your program from page to page, point to 
point. When you write program documentation, 
having a separate reference point for each celi makes 
your program much easier to describe clearly. 

With Flowchartrix, you don't need a shape tem- 
plate to draw remarkably regular logic symbols. 
Gandes for the most-used logic symbols are right 
i each matrix cell. They heip you draw most stand- 
ard flowchart symbols entirely freehand. With 78F 2, 
your pencil can fly as fast as you can write, with- 
out interruption. When a flash of insight strikes, 
now you can keep your pen on paper, flowing rapidly 
fram one step to the next without breaking to pic 
up a template. 

78P4 Print-Out Designers are the next step. 
When you finish flowcharting, you're ready to lay oul 
the printed reports your program will generate. This 
helps you focus your thinking on the end result 
to be produced from all your effort. Then when 
you begin to follow the flowchart to write actual 
code youll be ready to blaze through the report 
generation segments right along with the sorts and 
computations. 

Unique 70 x 160 matrix accommodates even 
proportional-spacing word processor formats. The 
160-column width can handle practically any printer 
formal. The 78P4 is big, 14'2 x 2? inches, because 
we've scaled the cell size to human writing comfort, 


Circle 352 on inquiry card. 


not machine print. Each 78P4 character cell is 3mm 
wide by 5mm high, giving nearly twice the character- 
writing area of other printout design sheets. Special 
markings at columns 80, 96, and 132 show you 
the relative position of each printed character 
Scaled page length arrows ceference the last possible 
punted line far standard 8'2" and 11° paper {for 
printers with 6 vertical dines per inch}. 

Special 5-column area records the program line 
number of the code which creates each printed 
line. This unique feature makes the control code 
much faster to debug and modify. It shows, at 
a glance, exactly which line of code creates each 
line of your reporl, saving hours ol needless search 
time when you must make a change in the report 
formal (and don't you always have lo, sooner or 
lateri 

Now you've done your flowcharting and planned 
ihe printed reports, you're ready to write the clean- 
est code you've ever created. And Stirling/Bekdarf’s 
78C] Combination Coding/CRT Layouts will help 
you do it faster. If you're using separate coding 
forms and CRT layouts now, you'll really enjoy the 
improvements we've designed for you in the com- 
bination 78C1. . 

Every sheet gives you 2 farm uses for the price 
of one. When display layout and line folding points 
aren't critical, use 78C1's full 28 line x 80 column 
grid area for regular program steps. Then for inter- 
active or instructional sections, to plan display lay- 
outs simply keep your characters within the appro 
priate CRT indicator lines, and you'll automatically 
now where every character will shaw on your CR 
screen. oo 

Gives you 4 extra coding lines on every sheet. 
Full 28 line x 80 column coding capacity saves you 
14 sheets oul af every 100, compared to 24-line 
forms. 86 sheets hold more program steps than 
100 sheets of any 24-hine form, yet we offer full- 
size Gmm x 3mm grid blocks to give you comfortable 
writing room and visual space belween lines. 

Works with your CRT display, aa matter what 
brand you own. Equipped for both 16 line x 64 
column and 24 tine x 80 column display formats, 
78C1 ts compatible with your video terminal. 


Available in three separate versions (one for 
BASIC languages, one for FORTRAN, another for 
COBOL), the 78C1 is so powerful we include a 7- 
page instruction manual with every order, to help 
you discover every facetof its unmatched capabilities. 

Every tool in the Stirling/Bekdort system is sur- 
face-engineered to take both pen & pencil without 
blotching. Our tough, extra-heavy, 22% paper is 
pure enough to use with critical magnetic ink char 
acter readers, although you'll probably never use 
it that way. We use it because it gives crisp, sharp 
characters whether you write with pencil or plastic- 
tip pens. 

Every part of our system uses eyecomfortable 
soft blue grids. All grid rulings, tints, and division 
rules are reproduced in a special shade of blue. 
We chose it because it's easy on your eyes, even 
after hours of continuous programming. If you 
write software as a professional programmer, you'll 
particularly appreciate the improvement over the 
green lines you've been writing on. 

A 3-ring binder is one more of our secrets for 
your success. Every tool in the $/B system 1s de- 
Signed to work together in a standard 3-ring binder. 
All your notes, logic concepts, flowcharts, code. 
CRT layouts, print-out designs, and documentation 
can be kept together, in order, in ane place. This 
saves time every time you sit down to write. It 
also makes debugging and modification immensely 
simpler. By ensuring everything you create stays 
together, you assure you can find the area you need 
to modify when the time comes, whether it's next 
week or next year. You can readily recapture your 
original train of thought by scanning your flowcharts, 
then go directly to the area of code you need to 
alter. In fact, when you use our system to its full- 
est, even another programmer can quickly compre- 
hend your original thinking, so he can help you 
make changes or extensions. 

Order your supply of the world’s most advanced 
software development tools, right now, before you 
hatch even one more bug. Ask your local computer 
store for Sturling/Bekdorf 78F 2's, 78P4's, and 7&Cl's, 
or use the coupon below to get your supply. 
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7BF2 Flowchar tr 
Z 2dpadsof5= §790 + $2.85 pkng & shpe 
11) 10 padsof $0 $3435 + §645 pking & shpe 


78P4 Print-Guit Design Sheets 
7 Tpad of 50 = $745 © $315 phng & shpg 
T § pads of 50 = $32 1) + $6.75 pkng & shpe 


J-hole punched vinyl pochats for 78P4 Design Sheets 
1> selolS lov $265 + $1.35 phng& shag 
T setall2 tor $500 + $1.85 pkng& shpg 


T Sample of one sheet ol each form + 


YES! Please rush the programming aids indicated below: 
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78C1 Combination Coding/CRT Layouts 


Ail are the same price, tut please chech which language 
format you want. 
M lor BASIC =  forFORTRAN C for COBOL 


“T 2padsol50 = $6.35 + $1.95 pkng & shpg 
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Photo 1: The author's 
polyphonic music key- 
board system, which allows 
more than one note to be 
played simultaneously. The 
scanning keyboard inter- 
face is just behind the 61 
note manual in the fore- 
ground, The stand alone 
ASCH keyboard in front 
is dedicated to music re- 
fated tasks, and, in con- 
junction with a video 
terminal {not shown), 
allows two easily distin- 
guished levels of system 
control. 


Steven K Roberts 
129 N Galt Av 
Louisville KY 40206 


Photos by Douglas Fowley 
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Polyphony Made Easy 


It was not long after the successful im- 
plementation of a hardware chromatic tone 
and envelope generator for my system that 
| began to wish for a method of playing 
music that would be somewhat less cumber- 
some than tune encoding with the ASCII 
keyboard. The ability to store a melody by 
defining all the notes and then allowing the 
computer to perform it was worthwhile, but 
without some technique for spontaneous 
interaction the system could hardly be called 
an instrument. A music keyboard was clearly 
called for. 

| obtained a 61 note (5 octave) organ 
manual from the Kimball Organ Company 
for about $75, and considered the interface 
task in depth. Among the primary perfor- 
mance specifications for the design were: 


e Polyphonic capability (not limited 
to single notes) 

è Undiscernible response delay 

@ Very low processor overhead 


The last of these requirements precluded the 


use of a software scan, which would have 
reduced hardware to its simplest form, and 
the need for polyphony called for either a 
bit map interface or a multiplexer with its 
own memory. To simplify the software as 
much as possible, the latter approach was 
selected. 

A note should be inserted here about the 
touchy subject of software simplification. 
An argument frequently heard in the world 
of the microprocessor is that everything 
should be done with the program. If the 
processor in question is a dedicated con- 
troller, then by all means, all the work that 
can be reasonably handled by the program 
should be so assigned. However if the proces- 
sor is at a higher level of system abstraction, 
it may be more efficient to delegate certain 
repetitive tasks either to hardware or to 
another microcomputer. There is no con- 
venient generalization defining the tradeoff, 
but in cases where software complexity gets 
out of hand due to the presence of a fairly 
mundane but demanding task, some paral- 
lelism is usually called for. In the specific 


SYM-1, 6502-BASED MICROCOMPUTER 
FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that’s 
ready-to-use 
ALL LSI IC'S ARE IN SOCKETS 
28 DOUBLE-FUNCTION KEYPAD INCLUDING UP TO 24 “SPECIAL” 
FUNCTIONS 
EASY-TO-VIEW &-DIGIT HEX LED DISPLAY 
KIM-1* HARDWARE COMPATIBILITY 
The powerful 6502 8-Bit MICROPROCESSOR whose advanced 
architectural features have made it one of the largest selling “micros” 
on the market today. 

THREE ON-BOARD PROGRAMMABLE INTERVAL TIMERS available to 
the user, expandable to five on-board, 
4K BYTE ROM RESIDENT MONITOR and Operating Programs. 
+ Single 5 Volt power supply is all that is required. 
1K BYTES OF 2114 STATIC RAM onboard with sockets provided for 
immediate expansion to 4K bytes onboard, with total memory expan- 
sion to 65, 534 bytes. 
USER PROM/ROM: The system is equipped with 3 PROM/ROM ex- 
pansion sockets for 2316/2332 ROMs or 2716 EPROMs 
+ ENHANCED SOFTWARE with simplified user interface 
* STANDARD INTERFACES INCLUDE: 
—Audio Cassette Recorder Interface with Remote Control (Two 
modes: 135 Baud KIM-1* compatible, Hi-Speed 1500 Baud) 
—Full duplex 20mA Teletype Interface 


Synertek has enhanced KIM-1* software as well as the hardware. The 
software has simplified the user interface. The basic SYM-1 system is 
programmed in machine language. Monitor status is easily accessible, 
and the monitor gives the keypad user the same ful! functional capabili- 
ty of the TTY user. The SYM-1 has everything the KIM-1* has to offer, 
plus so much more that we cannot begin to tell you here. So, if you want 
to know more, the SYM-T User Manual is available, separately, 


—System Expansion Bus Interface SYM-1 Complete w/manuals $269.00 
—TY Controller Board Interface SYM-1 User Manual Only 7.00 
SYM-1 Expansion Kit 75.00 


—CRT Compatible Interface (RS-232) 

APPLICATION PORT: 15 Bi-directional TTL Lines for user applications 
with expansion copability for added fines 

EXPANSION PORT FOR ADD-ON MODULES (51 I/O Lines included in 
the basic system) SYM-1 CAN GROW AS YOU GROW. lis the system to BUILD-ON. Ex- 
SEPARATE POWER SUPPLY connector for easy disconnect of the d-c pansion features that are soon to be offered: 

power 8K Basic ROM $159.00 
AUDIBLE RESPONSE KEYPAD TV Interface Board 349.00 


QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65 


These boards are set up for use with a regulated power supply such as the one below, but, provisions have been made so that you can add 
onboard regulatars for use with an unregulated power supply. But, because of unreliability, we do not recommend the use of onboard 
regulators. All 1.C.'s are socketed for ease of maintenance. All boards carry full 90-day warranty. 

All products that we manufacture are designed to meet or exceed industrial standards. All components are first qualtiy and meet full 
manufacturer's specifications. All this and an extended burn-in is done to reduce the normal percentage of field failures by up to 75%. To you, 
this means the chance of inconvenience and last time due to a failure is very rare; but, if it should happen, we guarantee a turn-around time of 
less than forty-eight hours for repair. 

Our money back guarantee: If, for any reason you wish to return any board that you have purchased directly from us within ten (10) days after 
receipt, complete, in original condition, and in original shipping carton; we will give you a complete credit or refund less a $10.00 restocking 
charge per boord. 


VAK.-1 8-SLOT MOTHERBOARD 


This motherboard uses the KIM-4* bus structure. It provides eight (8) 
exponsion boerd sockets with rigid card cage. Separate jacks for audio 
cassette, TTY ond power supply are provided. Fully buffered bus. 

VAK-} Motherboard $129.00 


VAK-2/4 16K STATIC RAM BOARD 


Expansion includes 3K of 2114 RAM chips and 1-6522 [/O chip. 


SYM-1 Manuals: The well organized documentation package is com- 
plete and easy-to-understand. 


multiplyer so there is no need for an additional power supply. All 
software is resident in on-board ROM, and has a zero-insertion socket. 
VAK-5 2708 EPROM Programmer $269.00 


VAK-6 EPROM BOARD 


This board wii! hold BK of 2708 or 2758, or 16K of 2716 or 2516 
EPROMs. EPROMs not included. 


This board using 2114 RAMS is configured in two (2) separately VAK-6 EPROM Board $129.00 
addressable 8K blocks with individual write-protect switches. 
VAK-2 16K RAM Board with only $239.00 VAK-7 COMPLETE FLOPPY-DISK SYSTEM (Feb. '79) 
&K of RAM ('% populated) 
VAK-3 Complete set of chips to $175.00 VAK-8 PROTYPING BOARD 


This board allows you to create your own interfaces to plug into the 
motherboard. Etched circuitry is provided for regulators, address and 
date bus drivers; with a large area for either wire-wrapped or soldered 
IC circuitry. 

VAK-8 Protyping Beard $49.00 


expand above board to 16K 
VAK-4 Fully populated 16K RAM $379.00 


VAK-5 2708 EPROM PROGRAMMER 
This board requires a +5 VDC and +12 VDC, but has a DC to DC 


POWER SUPPLIES 
ALL POWER SUPPLIES are totally enclosed with grounded enclosures for safety, AC power cord, and carry a full 2-year warranty. 
FULL SYSTEM POWER SUPPLY 


This power supply will handle a microcomputer and up to 65K of our 
VAK-4 RAM. ADDITIONAL FEATURES ARE: Over voltage Protection on 5 
volts, fused, AC on/off switch. Equivalent to units selling for $225.00 or 
more. 

Provides +5 VDC @ 10 Amps & +12 VDC @ 1 Amp 
VAK-EPS Power Supply $125.00 


KIM-1* Custom P.S. provides 5 VDC @ 1.2 Amps 
and +12 VDC @ .1 Amps 


KCP-1 Power Supply $41.50 
SYM-1 Custom P.S. provides 5 VDC @ 1.4 Amps 
VCP-1 Power Supply $41.50 


*KIM is a product of MOS Technology 


ENTERPRISES 


INCORPORATED 


Circle 318 on inquiry card. 


2967 W. Fairmount Avenue g > 
Phoenix AZ. 85017 atin 
(602}265-7564 Prices in effect Nov. ‘78 
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Figure 1: Polyphonic keyboard interface design. Multiplexer array at top is scanned by counters until a difference is detected between the 
addressed key and the corresponding bit in memory. The scan is stopped and the key address and direction are read by the processor, 
allowing the scan to continue. 


Table I: Power wiring table 
for figure I. 


fin fissortment of Solutions 


for your Resolutions 


ARTIFICIAL INTELLIGENCE by Patrick Henry Winston 

O This book is designed for use in a course on artificial intelligence, 
but should prove invaluable to the newcomer to the topic, as well as 
being useful to the experienced as a reference text. Part One is set up ta 
be used as an introduction to the key ideas of the subject, including the 
basics of elementary representation, symbolic constraint exploitation, 
search, and control, In addition, understanding natural language, repre- 
senting common sense meaning, computer vision, and expert problem 
solving are covered. Part Two covers the programming language LISP, 
its organization and uses. Profusely illustrated. 444 pp. Only $10.00 
hardcover. 


HOW TO REPAIR VIDEO GAMES by Robert Goodman 

C] A 270-page service/repair manual containing information on pro- 
ducts sold by manufacturers of electronic home video games and 
pinball machines. Each chapter of the manual, is devoted to an indi- 
vidual manufacturer's equipment. Some manufacturers covered are 
equipment manufacturers while others produce game chips only. The 
three game chip manufacturers are General Instrument, Texas Instru- 
ment and National Semiconductor, while equipment manufacturers 
include Magnavox, Atari, Radio Shack, RCA and Midway. $7.95. 


INTRODUCTION TO PERSONAL AND BUSINESS COMPUTING by 
Rodnay Zaks 

O This text is designed for both the novice and the user seeking to 
expand his/her knowledge in the microcomputer field. A compre- 
hensive introduction to concepts, peripherals, and techniques, this 
book serves well as an educational text. 245 pp. Only $6.95. 


PROGRAMMING THE 6800 MICROPROCESSOR by Bob Southern 
O This self-instruction workbook is a guide to the fundamentals of 
assembly lanquage and machine code programming of the 6800 micra- 
processor and its peripheral devices. Considerable coverage is given to 
programming of input and output devices. The asynchronous com- 
munications interface adapter, each with their various modes of oper- 
ations, are explored in detail in both noninterrupt and interrupt modes. 
Program design and documentation are emphazied along with pro- 
gramming hints and aids. 270 pp. $12.95. 


B ITS INC Books to erase the Impossible 


POB 428, 25 Route 101 West 
Paterborough, NH 03458 


Circte 35 on inquiry card. 


SMALL COMPUTER SYSTEMS HANDBOOK by Sol Libes 

C This is an introductory text for those with a minimal knowledge 
of electronics who are interested in microcomputers as a hobby. The 
authar explains microcomputer concepts from number systems and 
logic circuits to programming languages and applications with the 
emphasis on practical knowledge. 197 pp. $8.45. 


SOCIAL EFFECTS OF COMPUTER USE AND MISUSE by Adams/ 
Hayden 

(J Most of us have come to accept the presence of computers in our 
lives. Their effect on saciety as a whole is worthy of careful consider- 
ation. This book surveys the evolution of computers, their application, 
and the social, economic and philosophical implications of their in- 
creasing use. 326 pp. $10.00. 


STANDARD DICTIONARY OF COMPUTERS AND INFORMATION 
PROCESSING by Martin H Weik 

OThis is a very complete, fully cross-referenced dictionary. It goes a 
step farther in that it includes full explanations, practical examples, 
many pertinent illustrations, and supplementary information for over 
12,500 hardware and software terms. It cross-references the terms to 
other closely related concepts, and appended to each definition, as the 
need arises, are explanations, tutorial information, examples, usage 
areas, and cross-references for further clarification of concepts and 
meanings. 390 pp. $16.95 hardcover. 


WIRED SOCIETY by James Martin 

O This is a fascinating and not-too distant account of what the future 
might be like, changed by the new telecommunications technology. 
Prefacing his discussions with historical as well as contemporary re- 
ferences, Martin lures the reader into an impending technical revo- 
tution, which will change corporations, change government, and 
changes the lives of everybody. $12.95 hardcover. 


For your convenience in ordering, please use this page plus the 
order farm on page 99. You may photocopy this page. 

DIAL YOUR CHARGE CARD ORDERS TOLL FREE 

(800) 258-5477. 
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Photo 2: Keyboard interface hardware. The circuit fits perfectly onto a 
Robinson-Nugent 30 socket wire wrap panel. It could just as easily be imple- 
mented on an S-100 card if there is no objection to the wire bundle. Any 
combination of simultaneous key depressions and releases on the musical 
keyboards, at any practical speed, will result in a series of asynchronous 
“change of state" notices to the processor, which remains ignorant of inter- 
face function at all other times, The software maintains a list of keys current- 
ly depressed and deals with them appropriately. A simple handshaking 
scheme makes the interface synchronous with the host computer. 


AG 


4 bet kY 7 ky hy 


Photo 3: Underside of organ manual. The resistor-capacitor networks shown 
are used with each key for noise reduction, The wire bundle exiting at the 
battom terminates in the interface's edge connector. 
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case of the music system, keyboard scanning 
and envelope generation can impose such a 
burden that the ability to simultaneously do 
complex real time data manipulation is lost. 

Thus, optimization of the keyboard inter- 
face design was undertaken with the system 
considerations given uppermost priority, and 
the result is shown in figure 1. The 61 key 
switches of the manual are scanned com- 
pletely every 5 ms, and with each step of the 
scan the position of the presently addressed 
key is compared with its last known posi- 
tion, which is stored in a 256 by 1 memory 
segment. If there is no difference, the scan 
proceeds, but if the key has changed state, 
the processor is interrupted with the binary 
value of the key in question along with a 
direction bit, and the corresponding memory 
location is changed to reflect the new status 
of the keyboard. The scan is suspended until 
the information is accepted by the computer. 
In this fashion, any combination of simul- 
taneous key depressions and releases, at any 
practical speed, will result in a series of 
asynchronous ‘‘change of state” notices to 
the processor, which remains ignorant of 
interface function at all other times. The 
software maintains a list of keys currently 
depressed, and deals with them appro- 
priately. 

Action of the scanning interface is syn- 
chronized with the host computer by means 
of a simple handshaking scheme: when a 
change of state is detected, the data available 
signal appears (this may be treated as an 
interrupt or polled periodically, depending 
upon available time). It is then the proces- 
sor’s job to read the input port upon which 
the 6 bit key code and the direction bit 
appear, whereupon the acknowledge signal 
is created by the port strobe, allowing the 
scan to continue. It is important to note that 
the scan stops whenever a change is en- 
countered (awaiting processor intervention) 
because ultimate keyboard servicing time is 
then largely a function of the support soft- 
ware. In the unlikely event that a user of 
this system chooses to implement such real 
time functions in BASIC, it will be found 
that a forearm laid in jest upon the key- 
board results in a sweep up the musical 
scale lasting on the order of a second. Ina 
more realistic situation (assembler level 
coding) the delay is unnoticeable. 

Construction, of course, should follow 
the usual procedures required of random 
logic interfacing. Cables between the board 
and the processor should be kept short, with 
intervening grounds between the handshake 
lines. The keyboard shown in photo 1 con- 
sists of simple normally-open contacts; their 
noise is filtered by the resistor-capacitor (RC) 


networks shown in the schematic. Any re- 
maining bounce may be trimmed out by 
adjusting the clock rate, which is nominally 
12.5 kHz. There is one light emitting diode 
(LED) on the board to provide a visual 
check of operation: ‘Key In Progress" is 
lit between the data available signal and the 
acknowledgment signal. 

The circuit concept is directly expandable 
lo accammodate many more inputs, with 
the memory and counter capable of address- 
ing up to 256 points. This interface concept 
would be quite at home in many industrial 
contro] environments, as well as anywhere 
a large number of contact closures must be 
observed. 

In the music system shown in photo 1, 
the keyboard interface has provided the 
much needed flexibility in the interactive 
utilization of the instrument. The “feel” 
is not unlike that of a standard electronic 
organ, and with the available processing 
horsepower taken into consideration, the 
unit is a composer’s delight. From teaching 
applications (where the human must cor- 
rectly repeat ‘‘by car” a computer generated 
phrase) to the support of creative effort, an 
efficiently integrated polyphonic keyboard 
is an essential link between artist and com- 
puter, m 


CBASIC Is Better 


Take CBASIC—the best Business BASIC. 
Make it faster, easier fo use, 
and more flexible, and you have 


CBASIC-2 


New features that enhance CBASIC’s value as the besi 
buy In Business BASIC: 


CHAINING to pass contro! from program to program: 
INTEGER VARIABLES ollow fasi computation in 46-bit binary 
arithmetic; MULTIPLE LINE FUNCTIONS allow easier, more 
slructured coding; XREF produces a cross-reference 
dictionary of variables: SAVEMEM reserves memory space 
and loods subroulines; SADD% retums absolute address of 
strings; CONSTAT% reports console status; UCASE$ converts 
a string to upper case; COMMANDS retums contents of 
command line; plus CONCHARS, %EJECT, FILE 
BUFFERING, “PAGE, and more. 


Special Introductory Price: $89.95 


SSG CBASIC version one 
owners can update for only: 


(send registration * when ordering) 
Other vendors sell CBASIC. 


But how many back up their customers when 
software is updated? We do. 


For information, or to order contact: 


Structured Systems Group 


INCORPOBATED 


5208 CLAREMONT AVENUE 
OAKLAND. CALIFORNIA 94618 
(415) 547-1567 


Circle 353 on inquiry card. 


Circle 354 on inquiry card. 


Build Your Own Low Cost 
S-100 Bus Micro-Computer 


POWER SUPPLIES 


Unregulated Output: £ 8.5VDC & t 17VDC 


With Heavy Currents: 15 Amp or 25 Amp @ + 8.5VDC 


BRIDGE RECT.: 
D1: 35 Amp. 50piv $ 3.75 
Dy; 4 Amp. SOpiv $ 1.95 


COMPUTER CAPS: 

C1:100,000UF, 15V $ 9.50 
me Crx 52,000UF, 15V $4.75 
‘eww Cy: 6,000UF,50V $ 2.50 


TRANSFORMERS: 
T,: Supplies + 8.5V/15A, - 8.5V/2A & t 17V/2A $17.50 
SIZE: 3ava"(L) x 4°(W) x 23/16"(H), mtg. bracket incl. 
T,: Supplies + 6.5V/25A, - 8.5V/3A & £17V/3A $22.50 
SIZE: 33/4"{L) x 41/e"{W) x 31/8"(H), mtg. bracket incl. 
POWER SUPPLY KITS: Dimensions: 13"(L) x 5"(W) x 47/8"(H) 
KIT “A": Output + 8.5V/25A, - B.5V/3A & t 17V/3A $57.50 
Incl. trans. T2, Cy, (100,000 UF),3XC2(6000UF}. D1, Do, 4x resis., 
fuse, holder, barrier strip, atum. chases plate & all nece. mtg. 
parts. 3 hrs. assy. time & instructions incl. 
KIT "B": Output; + 8.5V/15A, - B.5V/2A & T17V/2A $47.50 
All parts same as kit A, except trans. T4. & C, (52,000UF) 
SHIPPING: $4.75 per transformer. For each kit: $5.00 in Calif., 
$7.00 for all other states. Calif. residents add 6% sales tax, 
Master Gharge/B of A, OEM are available. 


SUNNY INTERNATIONAL 


Torrance, Ca. 90510 


STORE: 
7245 E. Alandra Blvd. 
Paramount, Ca. 90723 
STORE HOURS: 9 AM-6 PM 


PHONE: (213) 633-8327, 530-3732 


ONLY PROGRAMMERS 
SHOULD BE 
ALLOWED TO SORT! 


Isn't that ridiculous? They're your files, your infor- 
mation and your needs. Take control of them now 
with 


SORT-80 


available separately (for only $95.00) or as part of 
FMS-80, the only fully integrated microcomputer 
File Management System. From initial file defini- 
tion through selective report generation, FMS-80 
takes you every step of the way interactively. 


Also ask about REMOTE-80 Intelligent Terminal 
Software; SCREEN DESIGNER—interactively 
create and utilize video forms; and MLU—the 
complete Mailing List Utility. All run under any 
CP/M-based system (IMDOS, CDOS, etc.). 
BASIC interfaces implemented for most through 
CALL, and all have unique benefits. 


DEALERS: Have we got a deal for you! Liberal 
discounts and painless evaluation packages— 
we're waiting to hear from you. 


COMPUTERS PLUS, INC. 
678 S. Pickett St. 
Alexandria, VA 22304. (703) 751-5656 
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About the Author 


4 R Douglas has had 
a professional interest 
in computers since 
7959. For the past ten 
years, he has been a 
designer of "larger and 
larger” computers for 
Control Data Corp. He 
and David Cahlander 
{also with CDC) act as 
operators of the data 
communications system 
on those occasions 
when Chess 4.6 plays in 
competition, They also 
assist in interfacing the 
Chess program to the 
operating system and in 
maintaining the open- 
ing book data base. 
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Grandmaster Walter Browne 


John R Douglas 
25 Cannon Dr 
Elk River MN 55330 


The organizers of Minnesota's Twin Cities 
Open invited Northwestern's Chess 4.6 and 
Control Data's CYBER 176 to take part. 
Since this World Champion computer system 
had not been tested in apen human compcti- 
tion, its programmers readily accepted the 
invitation. With a rating of 1936, Chess 4.6 
was seeded number one in the § round Swiss 
system tournament, perhaps the first time a 
computer has been accorded that position. 

A new electronic chessboard was used for 
the first time. The microprocessor which 
controls the board senses the opponent's 
moves magnetically, transmits the move in 
algebriac notation via telephone to CYBER 
176, and then indicates CYBER 176's re- 
sponses by illuminating small lights on the 
square of the picce to be moved and on the 
one to which it is to go. Chesstor, as this 
device is called, also senses the hitting of the 
chess clock and thus keeps Lrack of the time 
used. 

Chess 4.6 did very well in this event, 
wrapping up first place in four rounds and 
finishing the tournament with a perfect 5—0 
result. The 30 to 35 points gained brought 
its rating close to the elusive Expert barrier. 
This win carried with it an invitation to 
enter US Champion Walter Browne's simul- 
tancous exhibition, 

A large crowd gathered to listen to 
Grandmaster Browne's lecture and to watch 
his 44 board simultaneous exhibition, Asked 
his opinion of computer chess, Browne re- 
plied that he did not mind their slow style 
of play. Browne invited wagers on his com- 
puter game and was surprised to find takers 
in the audience, Later he declined the side 
bets, saying that although he would win, the 
time he spent at the computer's board would 
not be fair to the other players. 

Grandmaster Browne’s 1978 tour had 
thus far produced an amazing winning 
streak, with only two losses and six draws 
in 17 exhibitions, As this exhibition began, 
everyone was amazed at Browne's pace 
around the first six circuits; he barely paused 
at each board before responding lo the posi- 


versus Chess 4.6 


lion before him. He certainly did not seem 
concerned about the computer's Benoni 
opening, which requires sharp and exact 
play. (Later Browne acknowledged that he 
should have spent more time with this open- 
ing.) Browne did, however, appear to be per- 
plexed by the computer’s advantage out of 
the opening, and this put an end to his 
making blitz mode moves at the computer's 
table. Here is the way the game went. 


Benoni Defense 


White: W Browne Black: Chess 4.6 


1 P-Q4 N-KB3 2 P-QB4 P-B4 3 N-KB3 
PxP 4 NxP P-K4 

Chess 4.6 tends toward sharp opening 
play. 

5 N-N5 

Walter Browne tends toward sharp open- 
ing play. 

5... B-B4 

Chess 4.6 has been modified for this 
event to allow the operator to wait until the 
visiting Grandmaster arrives before request- 
ing the computer’s move. This gives the sys- 
tem maximum time for computation. 

6 QN-B3 Castles 

Browne’s Knight move brings 4.6 out of 
the opening book. At this point Chess 4.6 
has used two minutes and Walter Browne 
has hardly broken stride as he passed. But 
now the skid marks in front of the electronic 
chessboard are added to each time Browne 
passes by. 

7 P-K3 P-Q3 8 B-K2 P-QR3 

The chessboard seems to flicker with elec- 
tronic pride as the machine’s estimate of its 
advantage climbs to more than one half 
pawn — more than one half a Grandmaster’s 
pawn. 

9 N-R3 N-B3 

Browne’s charming wife spent a lot of 
time watching the computer and was dis- 
mayed as with each successive move the 
computer’s evaluation routine gave a stronger 
and stronger procomputer assessment of the 
position. 


10 N-B2 B-B4 

Chess 4.6 is predicting Browne's moves 
with impressive accuracy, and it gets about 
four minutes per move in which to thwart 
Browne's design for the game. 

1100 

4.6 expected N-O5 

11... Q-Q2 

Still retaining a one half pawn lead and 
expecling 12 B-Q3 P-KR4 13 N-Q5 N-KN5 
14 P-K4, 

12 P-QN3 K-R1 13 B-N2 R-KN1 

4.6 is having trouble finding something to 
improve the position. It predicts 14 Q-Q2 
P-R3 15 QR-Q1 N-K5 16 NxN BxN. 


4.6's position seems solid now, 

15 B-R3 P-R3 16 R-B1 

[Not 76 BxP? BxN.., Burt Hochberg] 

16... QR-Q1 (expecting Q-Q2) 17 N-N4 
NxN 18 BxN 

All anticipated by 4.6; at this point the 
4.6 corner fell prey to a bit of mild panic 
and requested lhe next move about three 
minutes before Browne was due back at the 
board. The new electronic chessboard seemed 
not to have sensed the previous move (which 
indeed it had), and in the flurry of the 
operations following, Chess 4.6 committed 
its only error. 

18... Q-B2 


14 N-R4 B-R2 


There may be a stronger move. 


GLOSSARY 


Algebraic notation: a system of recording chess 
moves characterized by the assignment of the 
letters a thru h to the files (columns of squares) 
and the numbers 1 thru 8 to the ranks (rows of 
squares) done from the point of view of the player 
with the White pieces. Usually certain abbrevia- 
tions are employed. The World Chess Federation 
(FIDE) strongly endorses the use of algebraic nota- 
tion (see “descriptive notation’). 


Annotations of ! or 7: represent someone's opinion 
of the quality of the move, The exclamation point 
shows a good move; the question mark shows a 
poor move. 


Benoni opening: the name given to the particular 
set of opening moves which are played in this 
game. It is a forceful defense by Black which often 
leads to great tactical display. It was first studied 
by Reinganun of Frankfort in 1825, and was a 
favorite defense of two World Chess Champions, 
Alekhine and Tal. 


Blitz move: a move made very quickly. 


Chess clock: a device used to put a time limit on 
a chess game. It is a mechanism with two clock 
movements and faces, one for each player. When a 
player makes a move, he or she presses one of two 
buttons on the top of the clock which starts the 
opponent's clock movement and stops his or her 
own. In tournaments a player must make a pre- 
scribed number of moves in a limited timespan. 


Descriptive notation: the traditional system of 
recording the moves of a chess game, used in this 
article. A file is named after the piece positioned 
on it at the start of the game. The ranks are de- 
nated numerically from the point of view of the 
player having the move. 


Expert class: the class of chess player who has a 
tournament rating of somewhat over 2000 points. 
As a comparison, the average rating for all mem- 
bers of the United States Chess Federation is 
around 1300. 


Kingside attack: an aggression on the side of the 


board on which the Kings were positioned at the 
start of the game. 


Pawn up: ta have a material advantage af one pawn 
or its equivalent, or to have a positional advantage 
of the same value. Under most circumstances, the 
advantage of one pawn is sufficient for victory. 


Piece up: similar to, but better than, being a pawn 
ug; usually leading to certain victory. 


Ratings: a guide to the ability of a chessplayer, 
based on historical data of performance in over- 
the-board campatitian in rated chess tournaments. 
The system most commonly in use was invented 
by Or Arpad Elo. A player gains rating points by 
winning a tournament game, and loses points by 
losing a game. The effect of a draw on a rating de- 
pends on the difference in rating between the two 
players in the drawn game. A lower rated player 
achieving a draw with a higher rated player will 
gain points, while the higher rated player will in 
all probability lose points. 


Sharp play: playing moves which are likely to lead 
to great tactical display. 


Simultaneous exhibition: an event in which a very 
strong chess player engages in competition against 
many weaker opponents in many separate games. 


Swiss system tournament: a popular type of chess 
tournament in the United States. It is usually con- 
ducted as follows: in the first round, the players 
are ordered according to their ratings. Then the top 
player in the upper half is paired against the top 
player in the lower half, and so on down to the 
bottom player in each half. For each game, each 
player is given one point for a win, one half point 
for a draw, and zero for a loss. In the second and 
later rounds players are paired according to the 
following ordered general principles: 
1. A player must not be paired with any other 
player more than once. 
2. Players with equal scores after each round 
must be paired as much as possible. 
3. Colors are assigned by the director of the 
tournament as equitably as possible. 


Copyright 1978 by J R 
Douglas. Reprinted from 
Chess Life and Review by 
permission. 


The program Chess 4.6 
was written by David Slate 
and Larry Atkin of North- 
western University. The 
Chesstor electronic chess- 
board was constructed by 
David Cahlander of Con- 
trol Data Corp. 
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19 Q-K1 

Now 4.6 is only one quarter pawn up, 
but it thinks 19 Q-Q2 would have been more 
to the point. 

19... B-B4 20 B-KB3 B-Q6 

One half pawn up again. Computer fans 
could relax a bit. Both 4.6 and Browne see 
the next four moves now. Browne spends a 
lot of time at our table. Mrs Browne spends 
a lot of time warning Walter that he should 
spend a lot of time at our table. She asked 
how much the machine cost and was told 
several million dollars. She told Walter that 
the machine said it had the advantage. 
Browne was not impressed, although he did 
slart to thump the pieces and our clock as he 
passed. After a lengthy stay at the board he 
played. 

21 BxB PxB 22 B-K2 B-B4 23 P-B3 P-K5 
24 P-B4 B-Q2 25 N-B3 Q-R4 

Now the visling master stops, does a 
double step, smiles: he’s got this thing now. 
The Queen is out of play. Browne begins a 
Kingside attack, smiles at the spectators, 
savors his move. 

26 Q-R4 

Thump, smile. It’s lucky that the elec- 
tronic board can only sense the position of 
the piece and not the force with which it is 
moved, for Browne’s forceful play intimi- 
dates the spectators. 

26... B-B3 

For the next four moves, 4.6 must find 
defensive resources thal are not obvious to 
those in attendance, and predictions of an 
carly end to the game begin. 

27 R-QB2 

4.6 expected P-KN4. 

27... P-QN4 

Can Browne be distracted? 

28 P-KN4 

Doesn't look like he is. 

28... P-N5 29 N-Q1 R-Q3 

Now everyone sees the defense. 4.6 ex- 
pects 30 P-N5 N-R2 31 N-B2 KR-Q1 32 
B-N4 Q-N3 33 B-B5. Browne plays. 

30 N-B2 R/1-Q1 
lf 4.6 survives, the Grandmaster is not 


going to like what’s happening on the Queen 
file. 

31 R-Q1 RxRch 32 BxR 

Small thump, walk away, stop, look back, 
frown. 

32... R-Q3 

At this point the clocks show two hours 
44 minutes for 4.6 and 22 minutes for 
Grandmaster Browne. 

33 Q-N3 Q-Q1 

4.6 correctly projects Browne's game for 
the next 11 moves. 

34 R-B1 

Now Browne is defending. Things are not 
going well at some of the other boards, 
either, but it is here that Browne spends 
most of his time. 

34... R-Q7 

What a nice place for one's Rook. 

35 P-N5 

4.6 had been expecting this much earlier. 

35... PxP 36 PxP N-R2 37 P-N6 PxP 

We are a whole pawn up! 

38 QxP Q-R5! 

Now things start to liven up. Browne 
looks unnerved and spends a long time on 
his next move. He gets into trouble at the 
next board, too. Here he finds: 

39 Q-B5 B-Q2 

4.6's backers find happiness and will ad- 
mit that they just may have moved the piece 
more slowly and punched the clock more 
vigorously than was necessary, so much so 
that Browne remarked, with just a hint of a 
smile, “It is not allowed for the computer 
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Table 1: The score (record of moves) of the 


simultaneous exhibition game between 20. BF3  Bd3 52. N:b4 Ra 
Grandmaster Walter Browne and the com- 21. B:c5 dic 53. Ke3 Be6 
oo . om 22. Be2 8f5 54, Kdd  Ng5 
puter program Chess 4.6, duplicated here in 53. f3 ef 55. Ne2 a? 
convenient table form. The notation here is 24. f4 Bd? 56. Nba Rad 
algebraic, as opposed to the descriptive nota- 25. Nc3 Qas 57. K5 Neat 
non which is used in the article text. In tht 26. Qhf Bcë 38. Kbs Bd7+ 
Í HCH IS IS in artig ext i iS 27. Re2 b5 59. Neé Neat 
type of notation, the colon (:) indicates a 28. g4 4 60. Ke5 B:c6 
capture and the plus sign (+) indicates check. 29. Ndi Rd6 61. K:c6 R:cd+ 
Moves iven as £ us slon / indica alone 30. Nf2 R/g d8 62. kdb Rd4+ 
g q sig ne are 31. Rdi R:dl+ 63. Ke5 Rdl 
pawn moves. 32. B:dl Rdg 64. resigns 


HARDWARE 


DOUBLE DENSITY DISK STORAGE 
FOR THE TRS-80 

(220% capacity of Radio Shack’s) 
TRS-80 owners can now increase their 
on-line mass storage capacity to 200K 
bytes. How? By using the 77 track 
Micropolis model 1033-II dual drives. 
Cost: only $1195 for two drives. 
How does it work? By writing on 77 tracks (instead 
of the conventional 35) with precision head positioning. 
How do I use it? Microtronix provides you with a 
special program to let your TRS-80 DOS know there are 
extra tracks. This program was written especialfy for 
Microtronx by Randy Cook, author of TRS-80 DOS 
Will the double density disk work with ny 
Radio Shack drives? Yes, except of course for 
copying an entire 77 track disk to a 35 track drive. 


Finally, for nish speed 
MICRGSOFT’s FORTRAN can 


FORTRAN IV FOR THE TRS~d0! 
calculations on your micros 
speed ur those comrulation-bound rrosranms, Comelete 
packade includes compilers relocatable assemblers text 
editors and linking loader. Only $325, Also available 
for CP/M 5-100 based systers. 


PRINTERS: Microtronix has the best selection for 
ans pudset, $400 to $4000, Call for details. 


Cash pricas shown.Major credit cards accepted, 


Cirele 202 on inquiry card, 


Everything you always wanted 
to plug into your PET, 
APPLE or TRS-80* 


Minimun shipping $2.50, Po. residents add 6%. Post Office Box Q, Dept B, Philadelphia, PA 19105 


SOFTWARE 


TRS-80 
TATA MANAGEMENT/REPORT GENERATOR- easily formats 
disk files: allows entryy edits deletes & list of 
records; and retrieves dalas for disrlay or 
caiculslion on screen or PrIntersseesevereetartts 
ELECTRIC PENCIL- rowerful word processor allows 
fuli cursor movement: insert/deletes string 
search, block movements adJustale line length: 
WWSLITICTLIONsseeeeeeeereeesveeeeenneees dr erd 
LOWER CASE MOL KIT FOR ABOVE,eroeroneoeosose$i2e 
ISK BASEL WORT! PROCESSING PACKAGE. + o+0++$124.95 
RSM-20 DISK MONITOR- powerful system manipulates 
disk dates has Z-80 breakroint routines». .:$29,99 
ESF-1 ETI TOR/ASSEMELER sp eseeeeoeroeseeses S2eevd 
RSM-15 MACH. LANGUAGE MONITOR- Lare base. $23.95 
EV TSK CONVERSION UTILITY- use with TAPEDISK 
ulility to save system teres on disk (1.2. 
Pencibdesasrenvenveseceesnereonseneeeoneed vat’ 
UTILITY FAEK ł- s)Liblosder merses from tere; 
biKenumber (srec. meme size): c)Statement analysis 
for debusding.+++$7.99 ear all 3 for $24.93 
SARGON CHESS- 14K lv II- the 1978 chem, $19.95 
HICROCHESS 1.5 bs Jennings- 4K any lev. 819.9% 
BAMES- an assortment is available for $5.75 each- 
wite or call for list. 
MAZE- random maze on the TRS-80rdrarhics.$14.75 
Ask about our COMPLETE BUSINESS SYSTEM 


PET 
JOYSTICK PACKAGE- comete with 
softwares instructiond...$37.95 singles 
dual, 

MICROCHESS 2.0 bu JONRUNGS esevveeesreres B19. 95 
ASTROLOGY/NATAL PACKAGE sophisticated chart 
computation with PET SrarhicSespresesees eo 914.95 
SUBS- best srarhics yel- dror derth charges on the 
subs below you and rack ur points, Complete 
adjustability for many Same variations. ..19.95 
SUPER MAZE- 2 dames in 13 Tunnel vision lets you 
travel through the maze in rerspective with 
graphics: also Kat’n’ mouse chases. .$17.95 

74 COMMON BASIC PROGRAMS on f tarelsenesoeee dil, 
19 different games at $9.95-ur- call for info. 


connectors 
$57 % 


TOLL FREE 
MICROLINE for: 
Orders, TRS-80 
Tech. Newsletter 


microtronix 


In PA & CAN 
215) 665-1112 
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to play psychologically.’ 4.6 correctly 
projects Browne’s next seven moves. 

40 Q-B4 QxQ 41 PxQ P-K6 

World Champion 4.6 admonishes US 
Champion Browne to be careful. Grand- 
master Browne admonishes 4.6 nol to be 
overconfident. 

42 N-K4 P-K7! 

Forcing the exchange of a Bishop for two 
pawns. 

43 BxP RxB 44 NxP B-B1 45 R-Q1 R-K1 

Browne now finds a move to make the 
endgame playable. 4.6 did not anticipate this 


continuation. 


United States Chess Federation 
Suggested Rules of Play Invalving Computational Machinery 


The following rules are suggested for use in USCF rated tournaments when 


one or both players is a computer. In matters not covered by these rules, play is 
governed by the FIDE (Federation Internationale des Echecs} Laws, by FIDE 
Interpretations of the Laws, and by the USCF Tournament Rules and Pairing 
Rules, interpreted by the arbiter. In such games the player shall ba considered ta 
be the chess algorithm being executed an a specific computer. 


10. 


The following regulations shall govern play: 


For the algorithmic player (computer), a piece shall be deemed “touched” 

when a move involving that piece is communicated. 

A move shall be deemed executed when the move has been executed on 

the playing chessboard. Only after this shall the opponent’s clock be 

started, 

The computer and/or the operator shall keep the score of the game, 

If, during a game, different positions should arise on the playing chessboard 

and on the chessboard or representation thereof maintained by the algo- 

rithmic player, such differences shall be corrected with the assistance of 

the arbiter by consulting both players’ game scores, In resolving such dif- 

ferances, the player whose score has the correct move, but who has exe- 

cuted a wrong one, has to accept certain disadvantages, 

If, when such discrepancies occur, the game scores are also found to differ, 

the moves shall be retraced up to the point where the scores agree, and the 

arbiter shall readjust the clocks accordingly. 

The algorithmic player's operator(s) shall have the following duties: 

(a) To make the moves of the algorithmic player on the playing chessboard. 

{b} To communicate the moves of the opponent to the algorithmic player. 

{c} Te operate the chess clock for the algorithmic playar. 

{d) To inform the algorithmic player, at its request, of the time consumed 
by either or both players. 

{e} To claim the game in cases where the time limit has heen exceeded, 

if) To carry out the necessary formalities in cases where the game is 
adjourned. 

(g) To communicate proposals of a draw between the algorithmic player 
and the opponent, 
To carry out the functions associated with machine communication 
failure. During restart, program parameters must be reset to the most 
recent values, Board position and status, along with clock time, may 
also be entered. 

The opponent may appoint a deputy to record the game scora. 

Communication to and from the algorithmic player regarding the moves of 

the game shall be made in a standard (clear and unambiguous) notation. 

During the course of a game, an algorithmic player may not request addi- 

tional data or information which requires human intervention, Such a re- 

quest shall be considered a violation of Article 19.1a of the Laws. [Article 

19.fa says that during a game a chess player may not use any knowledge 

which is not hisfher/its own. . . RS) 

With the approval of the arbiter in advance of the first round, the operator 

may resign or accept a draw on behalf of the algorithmic player. 


Source: Official Rules of Chess, second edition, edited by Martin E Morrison, 
David McKay Company Inc, New York, 1978, pages 112 and 113. Reprinted by 
permission. 
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46 P-QR3 PxP 

Greedy, but what else? 

47 R-R1 P-N4 48 PxP R-K4 

Expecting N-R4. 

49 P-N4 P-R4 

It’s a whole piece up. 

50 N-Q3 RxPch 51 K-B2 PxP 52 NxP R- 
QR4 53 K-K3 B-K3 54 K-Q4 N-N4 

Expecting 55 N-B6 R-KB4 56 N-Q8 
R-B5. 

55 N-B2 

Browne offers a draw. The computer's 
corner is divided: do we play on for science 
or bag a draw with a Grandmaster for the 
record book? Browne returns in less than 
two minutes. Science prevails: 4.6's Bishop 
and Knight tactics should be interesting. 

55...P-R7 56 N-N4 R-R5 

The machine records a 5 point lead for 
Black. 

Browne first plays K-B3, hits the clock 
and moves away: then he skids to a stop, 
returns, and announces, “That’s nol my 
move,” stands, leans, sways, taps, pounds 
on a loose pawn, and finally plays: 

57 K-BS 

Browne has missed his last chance at the 
Rook pawn, 

57... N-K5ch 58 K-N5 B-Q2ch 59 N-B6 
N-B6ch (the final nail) 60 K-B5 BxN 61 KxB 
RxPch 62 K-Q6 R-Q5ch 63 K-K5 R-Q8 

And Browne resigns. 

In the course of this simultaneous exhibi- 
tion, Chess 4.6 correctly projected 35 of 
Browne's 58 moves, not including those 
from the opening library. The largest num- 
ber of positions examined for any one move 
was 2,158,456 in just over nine minutes. In 
total, Chess 4.6 used just over four hours of 
computation time, whereas Grandmaster 
Browne spent 26 minutes at the board. 

Browne was not pleased with his perfor- 
mance in general; six wins and six draws 
were scored against him, dropping his per- 
centage for the day to 73%. But the game 
Chess 4.6 played will certainly provide some 
pleasant moments to those who play over 
the moves, and they're almost certain to 
find the computer’s style refreshing. 


Editor’s Comments 


After seeing Douglas’ article, our readers 
are advised against being misled about 
the strength of play of which the program 
Chess 4.6 is capable. In this particular game, 
the computer looks very good. It should be 
remembered, however, that Grandmaster 
Browne was playing with a number of 
disadvantages. 

This was a simultaneous exhibition, and 
therefore Browne was playing 44 garnes at 
once, including the computers game. 


Browne had to make rapid judgments about 
moves in 44 games, whereas Chess 4.6 con- 
cerned itself with only one game. A side 
effect of this difference in workload was 
that the computer could use at feast twice 
as much time as is normally available to it 
for the calculation of its moves. 

Browne also had the disadvantage of not 
knowing his opponent's strengths and weak- 1. 
nesses. If the human had chosen to play a 
more closed and positional game, the com- 
puter would have looked far worse. Many 
chessmasters who play simultaneous exhi- 
bitions adopt the following strategy: choose 
sharp lines of play so that the weak oppo- 
nents may be quickly vanquished, thereby 
giving more time for concentrating on the 
stronger players. Unfortunately for Browne, 
this method played directly to the com- 
puter’s strong area. 

Since this event, Walter Browne has 
greatly increased his interest in computer 
chess. it is rumored that he may play 
another simultaneous exhibition in which 
all of the opponents are computer programs. 
Other chessmasters may also be attracted 
by this new field. Even though the original 
Levy wager period is ended, computer chess 
will continue to be a field of great interest 
to researchers on the cutting edge of com- 
puter technology.... RSm 


A price 
that’s hard to beat. 


Because of new technology and high-volume company 


United States Chess Federation 
Procedure for Registering Chess Playing Computer Programs 


In order to allow for legitimate scientific testing of chess playing 


computer programs, but at the same time to protect the accuracy of 
the rating assigned to the programs and their opponents, the follow- 
ing procedures are used to register chess playing computer programs. 


No chess playing computer program may be sold a United States 
Chess Federation (USCF) membership to allow it to participate 
in a USCF rated tournament. 


. Any new chess playing computer program must apply for special 


registration at least one month in advance of its first partici- 
pation in a USCF rated tournament. 


. Normally, the programmer is the person who may register the 


chess playing computer program. 


. The following information is necessary for registration: 


A. Name and address of programmer, 

B. Name and pertinent identification of the computer {or com- 
puters, if more than one may be used to run the program) the 
program will be using. 

C. A general written description of the program procedure used 
in playing. A printout of the program is not usually needed. 


. Any significant program or computer changes which take place 


after the initial registration must be filed at least one month in 
advance of participation in a rated tournament with the modifi- 
cations. 


. Requests for registration should be sent to Craig W Ellyson, 


member of the USCF Ratings Committee, 11 Woodland Dell Rd, 
Wilbraham MA 01095. The applicant will be notified by the 
USCF National Office of the disposition of his application, and, 
if it is approved, he will be asked for the $15 annual registration 
fee and be issued a certificate permitting the program/computer 
to participate in USCF rated tournaments. 


sales, Central Data Corporation has reduced the price of 
its 16K RAM board by $40 and its 32K RAM board by $50. 
Plus, we now offer full 48K and 64K RAM boards. Our 16K, 
32K, and 48K boards are expandable to 64K in 16K incre- 
ments. 


e 16K RAM—$249 ° 48K RAM— $599 
. 32K RAM— $425 e 64K RAM—$775 
© Memory Expansion Package (16K)—$185 


As always, our boards come complete—fully assembled, 
burned-in, and ready to use. 


A product 
that’s better than ever. 


We've also made improvements to our board's design at 
no extra cost to you. 

e Deselectable in 2K increments. Our deselect 
feature enables you to switch off any 2K to avoid 
overlap with your existing memory. 

e Fully socketed memory. This feature enables you 
to expand the memory board yourself. 

e Plug selectable addressing. Now you can re- 
address without soldering. 


Circle 45 on inquiry card. 


Central Data Corporation’s RAM Board 


Standard Features 
e Power-saving dynamic board with on-board invisible 
refresh 
* One-year guarantee on parts and labor 
ə S-100 and Z-80 compatible 


For specifications and other information, or to place an 
order, contact: 


Central Data Corporation 
P.O. Box 2484, Statlon A 
Champaign, IL 61820 
Ph. (217) 359-8010 
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An Introduction to BNF 


W D Maurer 
Rm 634 
University Library Bidg 


Georgs Washington University 


Washington DC 20052 


BNF is used like algebra: 
It simplifies certain state- 


ments made about lan- 


guages in the same way 
that algebra simplifies cer- 


tain statements made 


about mathematical and 
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BNF is a standardized method of abbrevi- 
ating certain statements which are made 
about a programming language when it is 
being strictly defined, as in a programming 
manual. As such, BNF bears an analogy to 
the use of algebra in order to simplify certain 
statements which are made about physical 
and mathematical quantities. Thus the state- 
ment that the volume of a sphere is equal to 
four-thirds the cube of the radius times the 
ratio of the circumference of a circle to its 
diameter may be abbreviated 


_ Anr? 


3 


In order to make abbreviations such as the 
one above, we set up various conventions. 
For example: 


1. The quantities in the statement are 
represented by single letters; thus V stands 
for the volume, 

2. Squares, cubes, and other powers are 
represented by superscript notation; thus 
r3 is the cube of r. 

3. Certain fixed quantities which appear 
very often have standard names; thus the 
ratio of the circumference of a circle to its 
diameter is always denoted by 7, 

4. Two single letters written together 
signify ‘times’; thus mr means m times r. 
(This rule must be amplified in order to 
specify clearly that mr? means 7 times the 
cube of r, and not the cube of mr; and to 
make clear that it also applies to numbers, 
so that 47 means 4 times 77.) 

We shall now set up a number of similar 
conventions in order Lo abbreviate statements 
made about programming languages. For 
example, consider the following sentence: 


A GO TO Statement in FORTRAN consists 
of the words GO TO followed by a statement 
number, 


We may abbreviate this in BNF as follows 


< GO TO statement > i= 


‘GO TO’ < statement number > 


Author’s Note 


Throughout this exposition we shail 
use the mnemonic, BNF, without specify- 
ing what it stands for. Originally BNF was 
called Backus Normal Form, after John W 
Backus, who was the head of the praject 
at [BM that developed the first FORTRAN 
and who proposed the present scheme in 
connection with the conference that 
developed ALGOL. Later it was pointed 
out that BNF is not really a normal form, 
in the sense in which this phrase is used in 
mathematical logic. Some people today 
prefer Backus Naur Form as a name for 
BNF; this honors Peter Naur, who edited. 
the ALGOL Report [1] in which BNF 
was first used to define the syntax of 
ALGOL. 


In doing this we have implicitly set up the 
following conventions: 


i. The signs < and >, which also stand 
for “less than” and “greater than” but in 
this context are called angle brackets, en- 
close the name of some “quantity” which 
we wish to define in the programming 
language. We call such a “quantity” a 
syntactical variable. 

2. The special sign :'= means "is defined 
as.” This comes from ALGOL, in which the 
sign := is the replacement symbol, used in 
Statements such as A:=B (i.e., set A equal to 
B). 
3. The words ‘followed by" may be 
omitted, just as “times” may be omitted in 
algebra. 


There is a further analogy between BNF 
and algebra. When we write ‘GO TO' <state- 
ment number>, we mean the words GO TO 
followed by any statement number. This is 
very much like writing 3x to mean 3 times 
the value of x, whatever it happens to be. 
Here x is a variable, but 3 is a constant. 
Similarly, the phrase < statement number > 
is a syntactical variable, and may stand for 
any of various statement numbers; but ‘GO 
TO’ always stands for the same thing, and 
may thus be called a syntactical constan. 
Syntactical constants are subject to another 
rule: 


4. A syntactical constant is enclosed in 
quotes. 


¥200 Minifloppy Series. $699.° 
Over 204K characters of 
double-density storage 


Vista Disk Systems 


V1000 Floppy Series.§ 2699.T 
Up to 2 milllon characters of 
IBM-compatible storage. 


Cost effectiveness. That's what you get 
with Vista Disk Systems.. Whether it's the 
V200 Minifloppy, the V1000 Floppy or any 
of the quality products in between — 

Vista series (with the standard Digital 
Research CP/M Operating System) is the 
most cost-effective system available. 


Now Vista’s new, compact case makes 
every 8” system easier to handle and better- 
looking. And Vista disk systems operate 
with any Z-80/8080-based computer con- 
taining at least 24K of main memory. 


Cost effectiveness of the 

Vista product line is another 
indication of the Vista Commitment 
to value — excellent quality 

at a great price. 


Vista 
Vista Computer Company 


2909 Oregon Court, Torrance, CA 90503 
(213) 320-3880 


"V200 first drive $699. two drives illustrated. 
#V1000 has double-sided drives. 
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This last rule, incidentally, is not always 
followed. The single quote character ‘ is 
actually meaningful in some programming 
languages, and its use in programming 
language definition would thus cause confu- 
sion here. Of course, we can always use the 
double quote '' instead of the single quote, 
unless the programming language uses both 
of these symbols (like SNOBOL, for 
instance). But sametimes even when there is 
no confusion the quotes are omitted for the 
sake of brevity. 

It is clear, of course, that statements 
about programming languages may be abbre- 
viated even further. We might write G ~ ‘GO 
TO’ S, thus incorporating the use of single 
letters for variables, as is done in algebra. In 
fact, this type of abbreviation is used exten- 
sively in the theory of context-free languages. 
(See references 2 and 3 for two interesting 
applications of this theory and this type of 
abbreviation to programming languages.) 
The trouble with abbreviating this far is that 
now the abbreviation is not self-contained. 
We must still make some statement such as 
“where S stands for a statement number.” 
In contrast, the BNF rules which we define 
here permit the entire syntax, or “grammar 
rules” of a language, to be specified in a 
precise manner, using no other information 
than that contained in the BNF rules them- 
selves. The semantics, or “meaning” of the 
language, must still be specified separately; 
and at this time there is no easy and fairly 
universal way to specify semantics, although 
attempts have been made (see references 2 
and 4). 

Rules in BNF may be extremely simple. 
We may write 


< statement number > i= 


< unsigned integer > 


to specify that the syntactical variable 
“statement number" takes the same form as 
the syntactical variable “unsigned integer.” 
This is often convenient when several 
syntactical variables have the same form. In 
most languages, for example, simple variable 
names, array names, and function (or sub- 
routine or procedure) names all follow the 
same rules about starting with a letter, etc., 
and we define each of them to be the same 
as the syntactical variable < identifier >. 

Sometimes, in a definition of this type, 
there will be more than one alternative. For 
example, let us make a definition of 
“integer” not restricted to unsigned integers. 
If we already know what an unsigned integer 
is, we may use the following: 


An integer is an unsigned integer 


optionally preceded by a plus sign or a 
minus sign. 


The conventions which we have used thus 
far do not allow for the words “optionally” 
or “preceded by,” although "followed by” is 
permitted. Therefore, let us make an equiva- 
lent definition, which is slightly longer: 


An integer is either: (7) an unsigned 
integer; or (2) a plus sign followed by 
an unsigned integer; or (3) a minus 
sign followed by an unsigned integer. 


Now all we need is a symbol for or." The 
symbol we use is the vertical line |. Thus our 
abbreviated definition is 


<integer >= ua. >A + Kui >) - Kui. > 


where we have used "u.i. for “unsigned 
integer” in order to keep the definition from 
running off the end of the line. Actually, 
this precaution is not necessary. Rules in 
BNF, just like statements in ALGOL, may 
run to several lines, and position on a given 
line is immaterial, although, in practice, a 
definition will be started at the beginning of 
a new line. Thus 


< integer > 5s < unsigned integer > 
(‘+ < unsigned integer > 


i‘—* < unsigned integer > 


is a self-contained BNF rule equivalent to 
the one given above. 

The vertical line is often used for lowest- 
level’ definitions, in which a syntactical 
variable is being defined as any one of a 
certain collection of characters. Thus 


< digit > =O" ("1 12" 13" 
KARIE: 
LERF A 1 'gt tat 


is a very common definition. Note that this 
defines only a single digit, not an arbitrary 
integer; 63, for example, is not a digit by 
this definition. We may, if we wish, define 
“letter” in the same way, as any one of the 
26 letters of the alphabet. We may even 
define “alphanumeric character" as any one 
of 36 different symbols, although what is 
usually done is to define “letter” and "digit" 
first, and then to define 


< alphanumeric character > i= < letter > 


I< digit > 


The definition of an integer, or of an 
identifier, is slightly more complex. An un- 
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Figure 1: An identifier which has six characters or less. itself. Consider, for example, the following 


definition 
<an > i= < alphanumeric character > < unsigned integer > ::= 
< identifier > i= < letter > < digit > < unsigned integer > 
< letter > < an > I< digit > 


< letter > <an > < an > l 
Those without a background in mathematical 


logic may need a considerable amount of 
< letter > <an> <an> <an> <an> time to convince themselves that this defini- 
tion of "unsigned integer” defines that syn- 
tactical variable, in a perfectly valid manner, 
to be a sequence of digits of any length 
whatsoever. The argument goes as follows: 


i< letter > <an ><an >< an> 


~ letter > < an = <an >< an><an><can> 


signed fiwo-digit integer may be defined very ae , f 
simply 1. A digit is an unsigned integer by the 


above definition. 

2. A two-digit number is a digit followed 
by another digit, and the second digit, by 
the sentence above, is an unsigned integer. 
Therefore a two-digit number is an unsigned 


< unsigned two-digit integer > = 


< digit > < digit > 


Similarly, an identifier containing exactly integer. 
two characters may be defined 3. A three-digit number is a digit fol- 
lowed by a two-digit number; a two-digit 
< 2-character identifier > <= number is an unsigned integer by the pre- 
<letter > <alphanumeric character > vious sentence; therefore, a three-digit 
number is an unsigned integer. 
Extensions to three characters, four charac- 4. A four-digit number is a digit followed 
lers, etc., are easy enough to visualize; and by a three-digit number, and so on; the 
now, using the vertical line and a few argument may thus be extended indefinitely, 
In order to construct auxiliary abbreviations, we may put together with each sentence being used in the proof 
a definition of an identifier which has six of the next. 


language elements of 
unlimited length, the 
trick is to use recursive 


characters or less (see figure 1). In a similar 
way, we may construct a definition of 
an unsigned integer containing at most 11 


Another common recursive definition is 


< identifier > = < letter > 


definitions: the quantity digits, or however many digits are permitted 
being defined is part of on a given computer. |< identifier > < letter > 
the definition itself. This kind of construction, however, fails I< identifier > < digit > 
when we do not wish to put any limit what- 
soever on the number of digits in an unsigned This one is actually easier to understand if 
integer ar on the number of characters in an the last two alternatives are combined into a 
identifier. In addition, it is overly cumber- single alternative, < identifier > < an >, 
some even in the form given above. There- where < an > means ‘alphanumeric charac- 
fore, we must call on some new resource. ter” and is defined as either a letter or a 
This has actually been done, historically, in digit. Using this syntactical variable, we may 
two different ways: One way is designed for rewrite the definition of an identifier as 
languages such as ALGOL, LISP, and 
SNOBOL, in which most constructions do < identifier > i= < letter > 


not have length limitations. The other way 
is intended for FORTRAN and for simpli- 
fied versions of ALGOL, as well as for 
various other languages, in which length 
limitations do exist. We shall consider these 


|< identifier > < an > 


That this constitutes a valid definition may 
be seen as follows: 


in historical order. 1. A letter is an identifier by the above 
The response of the ALGOL group to definition. 

this problem was to use the resources of 2, An identifier with two characters con- 

mathematics, which rescue us (as they do so sists of a letter, which is an identifier, 

often) with what looks like magic. The trick followed by an alphanumeric character. 

is to use recursive definitions, which use the Therefore, by the second part of the above 

quantity being defined in the definition definition, it is an identifier. 
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Program Books Written in BASIC 


Payroll with Cost Accounting 
Accounts Payable and 

Accounts Receivable 
General Ledger- 


These books feature complete, quality applications 
software for small-to-medium sized businesses. 
Each book includes fully documented program list- 
ings. sample printed reports, installation instruc- 
tions and user's manual. Written in an extended 
Wang BASIC {write to ask us about our CP/M 
CBASIC version and other conversions). 375 pages 


each. 


Payroll #09-8 $15.00 
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Some Common BASIC Programs 


76 short practical programs, most of which can be 
used on any microcomputer with any version of 
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Assembly Language Programming 
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to today's microcomputer applications. 400 pages 
each. 


B080A/80865 ALP #10-1 $8.50 


66900 ALP #12-8 $8.50 
ZBO ALP #21-7, available soon {see 
56502 ALP not yet available below} 
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on microprocessors, 
read the Osborne 
books. 
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{415} 548-2805 + TWX 910-366-7277 
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A 9502 Assembly Languages Programming 


BORNE & ASSOCIATES, INC. 
~ The World Leaders in Microprocessor Books 


Programming for Logic Design 


8080 Programming for Logic Design 
6800 Programming for Logic Design 
280 Programming for Logic Design 


These books describe the meeting ground of pro- 
grammers and logic designers: written for both, 
they provide detailed examples to illustrate effec- 
tive usage of microprocessors in traditional digital 
applications. 300 pages each. 


8080 PFLD #04-7 $8.50 
6800 PFLD #05-5 $8.50 
280 PFLD #11-X $8.50 
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Dept. 116 
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Vol. 2 and Vol. 3 update subsenptions: 

O All foreign orders $4.00 per 6-1ssue subscnption for armai TOTAL 

© No charge in the U.S. - 4th class mai ONLY DUNT + 


O All foreign orders $3.00 per book for ainmal 


An Introduction to Microcomputers, 
Volume 0 - The Beginner's Book 


if you're not familiar with computers, but would. 
like to be, then this is the boak for yau. Computer 
logic and terminology are introduced in a language 
the beginner can understand. Computer software, 
hardware and component parts are described, and 
simple explanations given for how they work. Text 
is supplemented with creative illustrations sad 
numerous photographs. 300 pages. #08-X $7.95 


Volume 1 - Basic Concepts 


A must for anyone in the computer field, this best 
selling text explains hardware and programming 
concepts common to all microprocessors. Its 
universal appeal is reflected by its having the 
greatest yearly sales volume of any computer text. 
350 pages. #02-2 $8.50 


Volume 2 - Some Real Microprocessors 
Volume 3 - Some Real Support Devices 
and update subscriptions 


These two books provide complete descriptions of 
virtually every microprocessor and most support 
devices. There are no other books like these; they 
provide detailed part descriptions from an inde- 
pendent source. 


To cope with the rapid evolution of micro- 
processor products, each volume has its own 
series of six bimonthly updates, allowing you tore- 
main currant with all parts as soon as they are 
really available. Update subscriptions sold sepa- 


rately. 


These two books replace the 1977 edition of 
Volume It - Some Real Products. Volume 2, 1400 
pages: Volume 3. 700 pages: printed taose leaf. 
Binders sold separately. 


Volume 2 w/o binder #15-2 $25.00 


Volume 2 binder #16-0 $ 5.00 
Volume 3 w/o binder #18-7 $15.00 


Volume 3 binder #19-5 $ 5.00 

Volume 2 update only $25.00/yr. 
Volume 3 update only $25,00/yr. 
Volume 2 and 3 updates $40.00/ yr. 
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3, An identifier with three characters 
consists of an identifier with two characters 
followed by an alphanumeric character. 
Therefore, by the definilion above, it is an 
identifier. This argument may then be 
extended to identifiers with four, five, or 
any number of characters. 


Note that this definition of an identifier 
involves various other identifiers whose 
names are contained within it. Thus the 
word TAU is an identifier partly because T is 
an identifier and so is TA. This fact may 
lead to confusion because we are constantly 
reminded, when studying programming 
languages, that the individual characters in 
an identifier have no separate meaning. Thus 
TAU is not (by definition) T times A times 
U, ar TA times U, or T times AU. Neverthe- 
less, TAU is a properiy formed identifier 
because T and TA are - just as 2Pl is mara 
properly formed identifier because 2 and 2P 
are not, 

Still another common recursive definition 
is 


< argument list > i= 
< expression >‘. < argument list > 


|< expression > 


This defines an argument fist to be a series 
of expressions separated by commas. It may 
be used in various ways; for example, Lhe 
BNF rule 


< function reference > ::= 


< function name > ‘{' < argument list > ‘}’ 


is one way of defining a function reference 
(ie, a use of a function, such as 
SIN(T*U-B) or ATAN2(X2--X1,¥2--¥1). 

The justification for ihe definition of an 
argument list is: 


1. A single expression is an argument list. 

2. Two expressions separated by one 
comma may be thought of as the first ex- 
pression followed by a comma followed by 
an argument list namely Lhe second ex- 
pression. Therefore, this is an argument list. 

3, Three expressions separated by com- 
mas may be thought of as the first expres- 
sion followed by a comma followed by what 
remains -- namely, the second and third ex- 
pressions separated by a comma. This much 
is an argument list, by the sentence above. 
Therefore, three expressions separated by 
commas constitute an argument list. The 
same argument may be used for four, five, 
etc., expressions separated by commas. 


The recursive examples given above are 
written in what may be called “pure'' BNF. 
The alternative is to add some new conven- 
tions to BNF which take care of the recur- 
sive cases. This brings us to the second 
possible response to the problem of repre- 
senting sequences in BNF. For example, 
an unsigned integer which is a sequence of 
from 1 lo 13 digits might be written 


13 
< unsigned integer > i= < digit > F 


and an unsigned integer which is a sequence 
of an arbitrary number of digits {at least one) 
might be written 


< unsigned integer > x= < digit > 1 


Similarly, an identifier of arbitrary length is 
given by 


< identifier > i= 


< letter > < alphanumeric character > o 


Thus a subscript after any syntactical variable 
stands for a minimum number of repetitions, 
while a superscript after such a variable 
stands for a maximum number of repetitions. 

The use of subscripts and superscripts in 
this way solves two problems at once. It 
makes syntactical variables whose lengths are 
strictly bounded much easier to represent in 
BNF. Also, by replacing many of the recur- 
sive uses of BNF with nonrecursive uses, it 
frees the user from having to "think out" 
these recursive definitions. Nevertheless, the 
subscript notation does not allow us to 
eliminate af recursion. This will become 
clear in the examples which we now con- 
sider, in which expressions, such as alge- 
braic expressions, are defined in BNF. 

There are many types of expressions in 
programming languages. In ALGOL we have 
conditional expressions, relational expres- 
sions, and Boolean expressions, in addition 
to the standard simple arithmetic expression. 
Some of these are easy to define in terms of 
others. For example, a relational expression 
{such as P > Q in an /f statement) is defined 


by 


< relational expression > (:= 
< arithmetic expression > 
< relational operator > 


< arithmetic expression > 


where a relational operator may be any one 
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One key to defining the 
BNF notation of expres- 
sions is an understanding 

of operator precedence 


rules. These rules can 


often be made a part of 
the BNF grammar of a 
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language. 
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of the six relations (greater than, less than, 
etc.) expressed in a manner which depends 
on the language used. In any sort of expres- 
sion containing operators and possibly 
nested parentheses, however, the definition 
will be much more complex. We shall indi- 
cate here how to define simple arithmetic 
expressions in BNF; the basic technique 
used here may be used in other kinds of 
expressions. 

What is a simple arithmetic expression? 
Clearly it is not simply any combination of 
identifiers, constants, operators, and paren- 
theses. We may specify certain rules (the 
parentheses have to balance, an operator 
cannot be the last character in the expres- 
sion, etc.) but it is difficult to know when 
we have specified all of them. One key to 
defining expressions is obtained by means 
of the precedence rules, You have probably 
seen these, although possibly not by this 
name; these are the rules that specify that 
multiplication is performed before addition, 
and the like. Thus in order to evaluate an 
expression (without parentheses) there are 
three basic steps: 


1. Perform all the exponentiations. 
2, Perform all the multiplications and 


‘divisions. 


3. Perform all the additions and subtrac- 
tions. 


We shall incorporate these steps into our 
definition of an expression by defining four 
Separate syntactical variables: primary, 
factor, term, and expression. Factors are 
made up of primaries; terms are made up of 
factors; and expressions are made up of 
terms. Thus, performing al! the exponentia- 
tions in an expression corresponds to 
grouping the primaries into factors, and 
similarly for the other two steps mentioned 
above. 

In order to define a factor as a collection 
of primaries separated by exponentiation 
signs, we note that this is similar to defining 
an argument fist as a set of expressions 
separated by commas. We need only substi- 
tute “exponentiation sign” for “comma,” 
and “primary” for “expression.” Thus the 
definition is 


< factor > = < primary > 't' < factor > 


(< primary > 


We could also rewrite this definition in the 
ather mode 


= < primary > [ ‘t’ < primary > ] o 


< factor > 


Iin other words, a factor is a primary followed 
by any number of occurrences, including 
none, of an up-arrow (fT) followed by another 
primary. This illustrates another feature of 
extended BNF: the use of square brackets, 
the signs | and ]. Square brackets in BNF 
serve roughly the same function as paren- 
theses do in algebra, and the use of square 
brackets in BNF is sometimes called 
factoring. 

We continue our definition of an expres- 
sion by defining a term as a collection of 
factors separated by multiplication and 
division signs. One way to do this is to 
define a “multiplication operator," or 
“mulop,’' as e/ther * or f. The definition 
can then take the same form as before 
(we illustrate here only the recursive 
formulation) 


< term > s < factor > < mulop > < term > 


\< factor > 


An expression would then be defined in a 
similar way, using “addop” for either + or 


< expression > I= 
< term > < addop > < expression > 


(< term > 


where we have used “expression’’ as short 
for "simple arithmetic expression.” Alterna- 
tively, both of these could be written out 


< term > i= < factor > ‘*' < term > 
|< factor > ‘F < term > 


i< factor > 


< expression > iis < term > ‘+’ < expression > 
I< term > ‘—' < expression > 


I< term > 


The only question remaining is what we 
mean by “primary.” This differs from one 
language to another; roughly speaking, a 
primary is ane of the “elementary” construc- 
tions which are connected by the operators, 
such as a constant, a variable, a subscripted 
variable, or a function reference. There is 
always, however, one special type of "pri- 
mary” which takes care of parentheses, 

Up to now we have considered only 
expressions without parentheses. In one 
sense, when we introduce parentheses into 
an expression, we sometimes violate the 
precedence rules upon which we have built 


the entire preceding construction. Thus in 
the expression 


A-B*CHD-E) 


we do not perform all the multiplications 
and divisions first. In fact, the subtraction 
D—E must be performed before the divi- 
sion of C by the result. 

This expression, however, may also be 
thought of as 


A-B*C/F 


where F stands for (D—E). In this new 
expression, we do perform all the multipli- 
cations and divisions before the additions 
and subtractions. The process of substituting 
F for (D-E) may suggest to us that an 
expression in parentheses can be treated as if 
it were a single primary. This is also true for 
more than one level of parentheses. Thus, 
the expression 


At+B*(C-D*(E+F/G)-H)+1 

may be thought of as the expression 
A+B*J+1 

where | stands for the expression 
C-D*K-H 


in which K stands for the expression E+F/G. 
In each of these three expressions — E+F/G, 
C-D*K-H, and A+B*]+l — the precedence 
rules apply; and the last two of these contain 
primaries (K and J) that take the form of an 
entire expression in parentheses. The BNF 
description of an expression is now com- 
pleted by adding this form of a primary to 
the definition. Thus 


< primary > ::= < constant > | variable > 
| array reference >! <function reference > 


I‘(* < expression > ‘}’ 


is a sample definition of a primary in which 
the syntactical variables “constant,” 
“variable,” etc., should be further defined 
according to the rules of the particular 
language under consideration. 

One final and important fact about BNF 
is that although widely used it is not uni- 
versal enough to describe the syntax of every 
well-known programming language. In par- 
ticular, COBOL (Common Business Oriented 
Language) contains certain constructions 


which are not amenable to BNF. The formal 
definition of the PL-| language (see 
reference 5) is made according to a separate 
set of abbreviation conventions which are 
similar, but not identical, to BNF.m 
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The chess program that we have presented 
in parts 2 and 3 of this series (November 
1978 and December 1978 BYTE, pages 162 
and 140, respectively) represents a modern 
implementation of the basic type A strategy 
described by Shannon in 1950 (sec refer- 
ences). If run on a powerful computer, this 
type of program can play a reasonably good 
game of chess. [ts major weakness lies in its 
inability to engage in long-range planning. 
In many middle and end game positions, it 
will make seemingly aimless moves. Once it 
attains a position which optimizes the 


if we have a clear idea of what we are look- 
ing for. To know what we are looking for, 
however, we must have more knowledge 
about chess, 

So where do we go from here? The highly 
skilled players who are familiar with the 
chess programming literature (notably, Ber- 
liner, Botvinnik and Levy) are unanimous in 
their enthusiasm for a selective search strat- 
egy. Berliner (see references), for example, 
advocates a procedure in which very small 
(for a computer) look-ahead trees are gen- 
erated, eg: 200 to 500 nodes. His idea is that 
the program should make an intensive analy- 
sis at each node "in order to ascertain the 
truth about each issue dealt with.” Chess 
knowledge should play a primary role in 
directing the tree search. The search itself 
would discover additional relevant informa- 
tion and this would provide an even more 
knowledgeable focus for the search. This 
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general heuristic goals of its evaluation 
function, it is faced with the prospect of 
finding a move which alters the position 
as little as possible. If the opponent is 
skillful in developing a long-range attack 
while not providing any immediate targets, 
the machine may simply shuffle its pieces 
back and forth until its position becomes 
hopeless. The absence of reasonable goal 
directed behavior is a common limitation 
of problem solving techniques which are 
based solely on forward search. The solution 
of this problem would have important 
implications for a wide variety of artificial 
intelligence tasks. 

To play a strong game of chess, it is nec- 
essary to have a plan, To have a plan, how- 
ever, the program must recognize specific 
patterns and relate them to appropriate 
goals. This, in turn, requires that the pro- 
gram have access to the detailed kind of 
chess knowledge which is characteristic of 
the skilled human player. Thus, we seem to 
have come round in a circle. In order to 
avoid selective searching, we have adopted a 
strategy which does not require very much 
chess knowledge. In examining the weak- 
nesses of this approach, we discover that the 
forward search can only be truly successful 


procedure is analogous to the progressive 
deepening technique which de Groot dis- 
covered in the human grandmaster and is 
the exact antithesis of the brute force (type 
A) strategy (see October 1978 BYTE, 
“Creating a Chess Player, An Essay on 
Human and Computer Chess Skill,” page 
182). 

The efforts of the last decade have 
demonstrated that the selective search strat- 
egy is harder to implement than the full- 
width approach, In addition, full-width 
searching has consistently produced superior 
chess. Despite this, there is hardly anyone 
familiar with chess programming who does 
not believe that further progress depends on 
increasing the amount of chess knowledge 
in the program. The key question is not 
whether this should be done but haw to do 
it. Since the selective search approach has 
not led to notable progress, perhaps it is 
time to consider a different approach. 

We believe that a viable alternative exists 
which combines the proven virtues of the 
full-width procedure with the potential ad- 
vantage of a goal-directed search. The central 
idea is the development of a unique evalua- 
tion function for each position. In addition 
to the general heuristics which are presently 


employed, evaluations should consider fea- 
tures which are germane to appropriate 
goals, 

According to this plan, move selection 
would involve two separate stages. In the 
first phase, a static analysis of the position 
would be made in an attempt to discover 
key patterns. This process would involve a 
hierarchical analysis in which the features 
of the position would be compared with a 
general set of library patterns. Highly spe- 
cific features would be identified and rele- 
vant chess-specific knowledge would be 
accessed, This information, including appro- 
priate short term and long term goals, would 
be used to construct a conditional evaluation 
function which would assess the usual gen- 
eral features (eg: material, mobility, King 
safety, etc) and also other features which 
are meaningful only in specific situations. 
Once the conditional evaluation function has 
been constructed, the second phase of analy- 
sis would begin, a conventional full-width 
tree search employing the special evaluation 
function. 

The first phase of this process would rely 
heavily on domain specific knowledge (je: 
information about chess}. It would require 
a pattern recognition facility and an organi- 
Zational plan for storing a vast amount of 
chess knowledge in a manner conducive to 
rapid retrieval. When this first phase was suc- 
cessful in identifying appropriate goals and 
producing relevant modifications in the eval- 
uation function, the full-width search which 
followed would select a move which was 
thematic with the appropriate goal. If the 
first phase were unable to identify a key fea- 
ture, the evaluation function would employ 
the same general heuristics which it pres- 
ently uses. For this reason, the pattern 
recognition and information retrieval 
modules can be gradually implemented 
without a lengthy period in which serious 
blunders are frequent occurrences. This is a 
major advantage that the conditional evalua- 
tion function has in comparison to a selec- 
tive search strategy. 


Chess Structure 


To implement a conditional evaluation 
function, it is necessary to develop a hier- 
archical descriptive structure for chess. At 
the top level, one can make the conventional 
distinctions between the opening, the middle 
game, and the cnd game. Within each of 
these three major divisions, there would be 
many specific subdivisions. Within cach 
subdivision, there would be many specific 
variations. 


The opening has three major themes: to 
develop a pawn structure which is favorable 
for you but unfavorable for your opponent; 
to increase the mobility of your minor 
pieces and limit the mobility of your oppo- 
nent's miner pieces; and to castle as soon as 
possible and delay your opponent’s oppor- 
tunity to castle. These general goals provide 
a framework for evaluating specific varia- 
tions. They do net provide a specific pre- 
scription for selecting a move because a 
sequence of moves which is thematic with 
these goals may have a tactical refutation. 
An apparently good move may not work 
because it loses material. For this reason, 
gencral principles are best applied at the 
terminal points of a look-ahead search rather 
than being used as a checklist for selecting 
the most thematic move as advocated by 
Church and Church in Chess Skiff in Man 
and Machine (see references). 


Part 4 


Strategy in Computer Chess 


The tournament player who knows open- 
ing theary as well as many specific move 
variations will have a clear advantage over an 
opponent who knows the general principles 
but is not familjar -with the specific varia- 
tions. For this reason, tournament players 
and good chess programs rely on a library 
of memorized opening variations, The 
contestant who has carefully planned his 
opening variations can often gain an im- 
portant advantage carly in the game. To 
maximize the benefit of a well-prepared 
opening library, it is also necessary to 
continue the gencral theme of the opening 
once the predigested move sequences have 
been exhausted. At this stage it is neces- 
sary to have a conditional evaluation func- 
tion, When the machine jeaves the library 
and starts to use a look-ahead procedure to 
calculate its move, it should use an evalu- 
ation function that augments general open- 
ing principles with special goals which are 
thematic with that type of opening. 

A portion of the work required to 
implement this proposal has already been 
started. Chess specialists have prepared 
highly detailed analyses of specific opening 
variations and have developed well-defined 
rules for categorizing different move 
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sequences into specific subdivisions, For 
example, a game which starts (1) P-K4, 
P-K3 is labeled as the French defense. If 
the game continucs (2) P-Q4, P-Q4; 
(3) N-QB3, B-NS, it is called the Nimzovich 
(or Winawer) variation of the French defense. 
If it continues (2) P-Q4, P-Q4; (3) N-QB3, 
N-KB3, the game is labeled as the classical 
variation. A continuation of (2) P-Q4, 
P-Q4; (3) N-QB3, PxP is called either the 
Rubinstein variation or the Burn variation 
depending upon subsequent moves. A 
different approach develops from (2) P-Q4, 
P-Q4; (3) N-Q2, which is labeled as the 
Tarrasch variation. And there are many 
more. The important point, however, is 
that cach of these variations can be object- 
ively identified, and that for each there 
are well-developed strategical ideas and 
specific immediate goals. These ideas can be 
stored in the opening library and can be 
retrieved when the machine leaves the 
library. In addition to general opening 
heuristics, the evaluation function would 
reflect the specific theoretical ideas which 
are appropriate to the particular opening 
at hand. In principle, this idea can be 
implemented without difficulty, In practice, 
however, a tremendous amount of chess 
knowledge is needed and hours and hours of 
effort are required. To our knowledge no 
serious attempt has yet been made to imple- 
ment this strategy, The information on 
opening theory is needed only once during a 
game and thus could be stored on disk, 
since rapid access is not critical. 


Pattern Recognition and the Middle Game 


From a conceptual point of view, the 
application of chess knowledge to the eval- 
uation function in the middle game is much 
more challenging. In this case, pattern 
recognition becomes an important ingredient. 
In implementing a goal oriented move 
selection strategy, Church and Church 
limited their middie game strategy to cither 
a Kingside attack, a Queenside attack, or 
concentration on a weak point (ie: a target). 
The Kingside or Queenside attack is trig- 
gered when the machine determines that it 
has superior forces on one side or the other. 
This determination can be based on who 
controls key squares, In calculating the 
power relationship of different pieces over 
given squares, it is important to note that 
less valuable pieces exert more control than 
valuable pieces. A pawn has greater control 
over territory than a Queen because it is 
harder to dislodge. If an attack on one side 
or the other is deemed appropriate, the 
evaluation function can be modified to give 
an extra bonus for moves which augment 


the attack on that side and for maves which 
increase the pressure on critical squares, 

Pattern analysis is also important in 
detecting an appropriate target. There are 
several well-known chess relations which 
provide obvious targets for attack. One is 
the backward pawn which is prevented 
from advancing by a pawn or a minor 
piece. Another natural target is the minor 
piece which is pinned to the King or Queen. 
The third is the overworked piece, a key 
element in the defense against two or more 
different attacks. If the latter is removed 
in an exchange, the pieces it is defending 
will be open for attack. A fourth natural 
target is a square which would permit a 
Knight to fork two major pieces (je: Rook, 
Queen, King) or a Bishop to skewer two 
major picces, If the machine threatens to 
control that square and to locate an appro- 
priate piece there, the opponent will be 
forced to devise a defense, Once one of these 
targets has been detected, the evaluation 
function can be modified to give a bonus 
for moves directed at the target. In addition, 
a plan might be devised to encourage the use 
of a decoy (a pawn or minor piece which is 
sacrificed to bring an important piece ta a 
particular square) or to capture a picce 
which is serving an important defensive 
function. 


A Chess “Snapshot” 


In the past, programmers have attempicd 
to implement such plans by using a selective 
search (eg: Berliner, Zobrist and Carlson) or 
by using no search at all (eg: Church and 
Church). Zobrist and Carlson (see references} 
have developed an innovative technique in 
which ‘‘computer snapshots” are devised 
which summarize important piece relation- 
ships such as attacks, pins, skewers, forks, 
etc, which presently exist in the given posi- 
tion, or which could occur after one or two 
moves, Each snapshot is given a weight based 
on the relative values of the pieces involved 
and the location of the pieces in respect to 
the opposing King and the center of the 
board. The weighted snapshots are then used 
to select moves for inclusion in a Shannon 
type B tree search. This procedure provides 
considerable goal direction to the move 
selection process. 

Although the Zobrist-Carlson snapshot 
procedure has much to offer (including a 
highly efficient bit map implementation 
strategy), it incorporates a common problem 
shared by all selective search techniques. 
Occasionally an important continuation is 
overlooked and this results in the selection 
of an inappropriate move which may be a 
gross blunder. By implementing the plans 
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derived from the computer snapshots in the 
form of a conditional evaluation function, 
instead, the program can benefit fram goal 
directedness without risking the oversights 
which are characteristic of selective search- 
ing. In this way, the machine can retain 
the benefits of the full-width search and at 
the same time engage in strategic planning. 

There is a special class of positions for 
which this approach is especially appropriate. 
In his thesis at Carnegie-Mellon University 
Berliner described a special problem, the 
horizon effect, which plagues the con- 
yentional look-ahead approach (sce Chess 
Skill in Man and Machine, pages 73 thru 
77). One version af this problem Involves 
a piece which is trapped and cannot be 
saved. Forward searching programs often 
engage in a bit of foolishness by making 
forcing but poor moves {such as attack- 
ing pieces with pawns or sacrificing 
pawns for no advantage) which defay the 
capture of the trapped piece and push its 
eventual loss beyond the horizon of the 
tree search. By doing this, the program 
erroneously concludes that the piece is safe, 
when in reality the planned move sequence 
weakens a reasonable position and is still 
insufficient to save the piece, In this type 
of situation, the trapped piece should be 
given up for lost and the program should 
do its best to take advantage of the tempo 
required by the opponent to capture the 
piece, A piece whose time has came is some- 
times referred to as a desperado. The only 
oplion available is to make the opponent 
pay as dearly as possible for the capture. 
If the desperado can be traded for a pawn 
or a piece of lesser value, this is preferable 
to being given up for nothing. 

This strategy can be implemented with a 
conditional evaluation function by simpty 
assuming that the trapped picce has a 
material value of zero. This change would 
cause the search process to trade the piece 
for the highest valued candidate thal can be 
found. This is obviously better than having 
the program engage in useless sacrifices of 
position and material in a hopeless attempt 
to resurrect a lost piece, The key clement to 
this implementation is the ability to deter- 
mine when a plece is truly lost and can be 
labeled as a desperado. This is a very diffi- 
cult problem even for a very sophisticated 
pattern analysis facility. 


End Game Considerations 


The most interesting application of the 
conditional evaluation [unction js in the end 
game. Because end game strategy is highly 
dependent on the specific characteristics of 
the position, a general purpose evaluation 


function is nat very effective. It is necessary 
to understand what is required in a given 
position and then select moves which arc 
clearly directed at an appropriate goal. 
Church and Church fist three common goals 
in the end game: to mate the opponent’s 
King, capture a weak pawn, or promote a 
pawn, In this case, pattern analysis is im- 
portant. First the machine must be able to 
identify the pasition as one belonging to the 
end game. Then it has to determine whether 
a mate attempt is reasonable or whether a 
pawn can be captured or promoted. Church 
and Church {see Chess Skill in Man and 
Machine, pages 151 thru 154) describe 
a general strategy for identifying and cap- 
turing a weak pawn, Although their 
approach does not involve a forward tree 
search, the specific techniques which they 
describe can be adapted to the full-width 
search strategy. Let us consider several 
specific end game positions involving cither 
a mate, a pawn capture, or a pawn 
promotion, 

For a number of mating situations, a 
specific algorithm {step-by-step instructions) 
or acomplete lookup table can be developed 
to produce mate in a minimum number of 
moves. Typical applications would be King 
and Queen versus King; King and Rook ver- 
sus King; and King, Bishop, and Knight ver- 
sus King. The mating algorithm for each case 
would include rules for assigning the poten- 
tial piece relationships into a few general 
categories, and a prescription for an appro- 
priate type of move for each category. This 
approach requires no search. A second 
approach involving a lookup table is even 
more explicit. An appropriate move is stored 
in a table for every possible piece configura- 
tion. To play the mate perfectly, the ma- 
chine uses the position to determine an 
address in the table and then simply reads 
the correct move. 

Both of these procedures are perfectly 
feasible and avoid many problems which can 
be encountered in the end game. The limita- 
tion of this approach is that there are a very 
large number of mating situations and a tre- 
mendous amount of work would be required 
to make a detailed analysis of each one. In 
addition, this strategy requires the storage of 
a great deal of information which would be 
used only infrequently. 

A third approach, and one which is 
thematic with the idea of conditional evalua- 
tions, is ta make a small modification in the 
evaluation function for each specific mating 
situation, The notion is that a shallow search 
combined with a few key ideas should suf- 
fice to produce a mate in a reasonable num- 
ber of moves. With King and Queen or King 
and Rook versus King, it is sufficient for the 


program to ‘‘know’’ that the defending King 
must be forced to the edge. To do this, the 
program simply needs to add bonus points 
to the evaluation function when the defend- 
ing King is near the edge. The size of the 
bonus should be alinear function of closeness 
to the edge. This modification of the evalua- 
tion function causes the minimax search to 
select a pathway in the look-ahead tree 
which forces the defending King to the edge. 

With King, Bishop, and Knight against 
King, the job is slightly more complicated. 
In this case it is important to know that the 
defending King must be forced to one of the 
two corners having the same color as the 
Bishop's squares. The trick is to add a large 
bonus when the defending King is on the 
appropriate corner squares and a smaller 
credit when it is near these corners, This 
modification will cause the minimax proce- 
dure to find a sequence of moves which 
forces the defending King into one of the 
appropriate corners. The general theme is 
that the full-width search is a powerful 
device by itself and that the addition of a 
small amount of chess knowledge is suffi- 
cient to produce the desired outcome. 


Kings and Pawns in the End Game 


Some of the most challenging positions 
in the end game involve only Kings and 
pawns. Many of these require an approach 
which is more sophisticated than those 
described previously, Consider, for example, 
the position diagrammed in figure 1. This is 
a modification of a position presented in 
Berliner’s thesis which demonstrates one of 
the major weaknesses of a full-width forward 
search, White has a pawn on [6 which could 
advance and be promoted if the Black King 
were out of the way. [Algebraic notation is 
used throughout this article to designate 
chessboard squares. The horizontal rows 
franks) are numbered from 1 to 8, starting 
at the bottom (White). The files are labeled 
a through h from left to right .... CM} To 
win, White must do an end run with his King 
and bring it to the aid of the pawn. Since 
Black cannot attack White's pawns on c3 or 
g5 without leaving the passed pawn, he is 
helpless to stop White’s maneuver. Although 
this analysis is obvious at a glance to an 
experienced player, a program that discovers 
truth by doing a full-width search is faced 
with a difficult problem. In order to deter- 
mine that the King can force promotion of 
the pawn, White must complete a look-ahead 
search of approximately 35 plies. This is 
beyond the scope of even the most powerful 
computer. If the machine employs a gencral 
purpose algorithm which encourages the 
King to centralize its position during the end 


game, it will search for a pathway which 
eventually places it on its present square (f4) 
or one of the neighboring squares (e3 or f3). 
Because of this, the correct sequence of 
moves would never be discovered. 

In order for a full-width search to make 
progress in this type of position, the evalu- 
ation function must produce goal direction. 
One way to do this is to provide a bonus for 
moves which reduce the distance between 
the White King and the passed pawn. A sec- 
ondary goal is to reduce the distance be- 
tween the White King and any Black pawns 
which are not defended by another pawn. 
A tertiary goal is to centralize the White 
King. The first step in developing a specific 
implementation of this plan is to identify 
the territory which is denied to the White 
King. For this purpose, we wish to deter- 
mine which squares are controlled by the 
pawns. The White King cannot move to a 
square occupied by one of its own pawns, 
nor can it move Lo a square attacked by an 
opposing pawn, Figure 2 presents a map of 
the position with cach of the forbidden 
squares darkened. The location of these 


Figure 1: Chess position which demonstrates 
a weakness of the full-width forward search. 
In this example, White has a pawn on square 
f6 which could advance and be promoted if 
the Black King were out of the way. To win, 
the White King must come to the aid of the 
pawn, Since Black cannot attack White's 
pawns on c3 or g5 without leaving the 
passed pawn, he is helpless to stop White's 
maneuver. Although this analysis is obvious 
to an experienced player, a program using a 
full-width search would have to search its 
decision tree to a depth of 35 plies fie: 35 
half moves; a ply is defined as a move by one 
side) in order to come to the same con- 
clusion. 
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Figure 2: Forbidden squares in the figure 1 
position used to help White (the computer) 
evaluate the position more efficiently. The 
White King cannot move to a square oc- 
cupied by one of its own pawns, nor can it 
move to a square attacked by an opposing 
pawn. All of these squares are darkened in 
the figure. This diagram is used in imple- 
menting the goal directed technique de- 
scribed by Church and Church (see figure 
3). 


“taboo” squares provides the defining 
boundaries for potential access routes lo 
the desired goals. The second step in imple- 
menting this plan is to use a technique 
described by Church and Church. Starting 
at each goal object, work backward toward 
the attacking picce(s). In our case, we are 
interested in creating a reward gradient 
which encourages the White King to ap- 
proach its own passed pawn and the target 
pawns. To do this, we consider one goal 
object at a time. Al] passed pawns are identi- 
fied. In our example, only the White pawn at 
f6 qualifies. The two squares diagonally in 
front of it (e7 and g7) are each credited with 
8 “points” each. All squares immediately 
adjacent to these squares (but not including 
squares inaccessible to the White King) are 
credited with 7 points. Next all squares ad- 
jacent to these squares (excluding inacces- 
sible squares) are credited with 6 points. 
This process is continued until we run out of 
squares or until we have assigned all credits 
down to and including 1. 

The next step in the process is to identify 
Black pawns which are not defended by 
other pawns (ie: targets}. In this case, the 
pawns at c6 and g6 qualify. Credit these two 
squares and the adjacent ones with 5 points 
each, excluding darkened squares. Next, 


credit squares adjacent to these with 4 
points. Continue this process until all avail- 
able squares have been exhausted or until 
the value of 1 has been assigned. This pro- 
cess is executed independently for each 
target pawn. The last step involves credit for 
centralization. The four most central squares 
(d4, d5, e4, e5) are credited with 3 points. 
The squares which surround these squares 
are credited with 2 points. The squares 
which surround those squares are credited 
with 1 point. Points are then removed 
from any square which is inaccessible 
to the White King. When this process has 
been completed, the credits are totaled 
for each square to provide a bonus map for 
the White King. This map is presented in 


Figure 3: Bonus map for the White King in 
the position of figure 1, based on a tech- 
nique described by Church and Church (see 
references). A goal is established for a parti- 
cular attacking piece, in this case the White 
King, and an iterative numerical technique is 
used to implement it. The goal is to encour- 
age the White King to approach its own 
passed pawn and the target pawns. {A target 
pawn is an enemy pawn not defended by 
other pawns.) Numerical figures of merit are 
assigned to strategic squares close to White's 
passed pawn and Black’s undefended pawns. 
Points are also awarded or subtracted for 
positional characteristics such as centrali- 
zation of squares, etc. A type of flow 
algorithm assigns lower and lower values to 
squares in direct proportion to their 
distances from the strategic squares, avoiding 
any forbidden squares. The resulting map of 
numbered squares enables the King to find 
the right pathway by constantly searching 
for ascending values of squares whenever 
possible. 
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Figure 4: Another end game position, 
analyzed by the method of Church and 
Church in figures 5 and 6. 


figure 3. By applying this bonus map to the 
terminal positions of the look-ahead search, 
the evaluation process will select a move 
sequence which causes the White King to 
gravitate in the proper direction. In fact, 
the correct sequence of moves will be selec- 
ted even if White is restricted to a 5 ply 
search each time a move is selected. The 
bonus map, though simple in concept, 
has a tremendously beneficial effect. 

There is an additional point which needs 
consideration. In our exposition, we have 
assumed that the pawns remained stationary. 
Jf a pawn were to move, the bonus map 
would have to be changed. This is not a 
major problem, however, since there are 
only a small number of positions that can 
result from pawn moves, and once the bonus 
map has been computed for a given configu- 
ration, it can be stored and used each time 
that configuration is encountered in the look- 
ahead tree. For this reason, the calculations 
which are required will not be particularly 
time consuming. 

Another example of this strategy is based 
on the position presented in figure 4. This 
is a slight modification of figure 6.7 from 
the chapter of Chess Skill in Man and 
Machine by Church and Church. To apply 
our technique with respect to the bonus 
map for the White King it is necessary to 
determine which squares are not accessible 
to the White King by virtue of pawn control. 
As before, these include squares occupied by 
White pawns and squares attacked by Black 
pawns. The relevant squares are darkened in 
figure 5, 

The next step is to locate passed pawns 


for White. There is only one and it is located 
at c6. The two squares diagonally in front 
of this pawn (b7 and d7) are credited with 
8 points. Squares adjacent to these squares 
which are not among the darkened squares 
in figure 5 are credited with 7 points. 
Squares adjacent to these receive 6 points. 
This process is continued until there are 
no more available squares or until the credit 
value of 1 has been assigned. The next step is 
to determine whether any Black pawns are 
potential targets. As before, a target pawn is 
defined as one which is not defended by a 
friendly pawn. In the present example, there 
are three candidates: the pawns at a6, d6 
and h7. For cach pawn, the value of 5 is 
credited to the pawn’s square and the adja- 
cent squares. Then the value of 4 is credited 
to each adjacent square. This process of 
establishing a gradient of decreasing values 
from 5 down to 1 as distance increases 
from the target is continued until the last 
values have been assigned. This is done for 
each target pawn and in each case, squares 
darkened in figure 5 are always excluded 
from the process, The last assignment pro- 
cess is conducted for centralization, with 
center squares (d4, d5, e4 and e5) receiving 
3 credits each and neighboring squares re- 
ceiving 2 credits. The squares one move in 
from the edge are assigned the value of 1 and 
then credits are removed from any square 
which has been darkened. The final step in 
developing a bonus map for the White King 
is to total the credits for cach square. 

The composite map is presented in 
figure 6. This set of bonus points will en- 
courage the White King to move in the 
appropriate direction, Without this strategy 


Figure 5: Forbidden squares for the position 
in figure 4. 
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Figure 7: A chess position which can be analyzed efficient- 
ly by means of the coordinate square concept proposed by 
Ken Church (see references). In this approach, the Black 
King must coordinate precisely with the White King in 
order to successfully defend its pawns. The technique is 
illustrated in table T. 


Figure 6: Bonus map for ae 
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the position of figure 4. 
Without this map, an TT 
ply search would be re- 
quired for the computer 
(White) to discover that 
the pawn at a6 can be 
captured, Using the map, 
only a 3 ply search is 
required, 
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an 11 ply search would be required for 
White to discover that the pawn at a6 can be 
captured, With the implementation of these 
attack gradients for the White King, how- 
ever, the correct move can be selected with 
only a 3 ply search. As was the case in the 
previous example, the establishment of a 
plan within the evaluation function produces 
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a goal directed search without requiring an 
enormous look-ahead tree. This increase in 
cfficiency is highly desirable. 

Because the process is directed by the 
location of the pawns, changes in the map 
will occur infrequently and therefore only a 
relatively small number of bonus maps will 
be required for any one search. Once a map 
has been calculated for a particular pawn 
configuration, it can be stored and used later 
whenever it is needed. Although this strategy 
seems lo work well in the examples we have 
presented, it is reasonable to ask whether 
this procedure will work in all end game 
situations. Unfortunately, the answer is no. 

Consider the position presented in 
figure 7. This is a famous end game problem 
which appears as diagram 70 in Reuben 
Fine’s classic chess book, Basic Chess 
Endings (sce references). It was analyzed 
in 1975 by Monroe Newborn to deter- 
mine if his special end game program, 
Peasant, could solve it. After several unsuc- 
cessful efforts, Newborn concluded that 
the problem would require about 25,000 
hours of processor time before a solution 
could be found (see Chess Skill in Man and 
Machine, page 129). The problem is diffi- 
cull, but not as impossible as Newborn 
suggests. Because Peasant does not have a 
transposition table, the program did not take 
advantage of the tremendous number of 
identical terminal positions which are 
encountered when an exhaustive search is 
made of this position. Because the pawns 
are locked, the only moves which are pos- 
sible are King moves, and this greatly in- 
creases the potential number of 
transpositions. 

The position was submitted to North- 
western’s chess program Chess 4.5 running 
on the CYBER 176 system at Control Data 
headquarters in Minneapolis. David Cah- 
lander discovered that Chess 4.5 could solve 
the problem after a 26 ply search! This re- 
quired ten minutes of processor time on the 
powerful CYBER 176. Although it is inter- 
esting to know that the problem can be 
solved by a brute force search, this type of 
solution is not particularly elegant and it 
requires a level of hardware sophistication 
that is not likely to be available in the small 
system for a few years yet. 


The Coordinate Squares Approach 


Whal can be done to make this problem 
more manageable? Interestingly enough, 
there is a rather neat approach to problems 
of this type which has been examined in 
some detail by Ken Church in his under- 
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graduate thesis at MIT. Working with Richard 
Greenblatt as his advisor, Church applied 
the chess concept of coordinate squares to 
this position. The basic notion is that the 
Black King must coordinate precisely with 
the moves of the White King in order to 
successfully defend its pawns. For any 
particular square which the White King 
occupies, there are only a limited number of 
squares which the Black King can occupy 
and still hold his act together, 

In his thesis, Ken Church presents a fairly 
extensive analysis of King and pawn end 
games. For our present purpose, we will 
limit our analysis to King and pawn end 
games in which the pawns are locked and we 
will modify Church's approach to suit our 
conditional evaluation strategy. The major 
difference is that Church attempts to dis- 
cover a complete solution to the problem 
using the coordinate squares idea, We pro- 
pose, instead, to use the coordinate squares 
approach to provide the evaluation function 
with additional chess knowledge. With this 
modification, a full-width search of reason- 
able depth can find the correct move. 

Using figure 7 as an example, the first 
step in this process is to determine which 
squares are denied to each of the Kings by 
the existing pawn configuration. By noting 
that each King cannot move to a square that 
is occupied by its own pawn or that is at- 
tacked by an opponent’s pawn, one can 
easily determine that squares a4, b4, c5, d4, 
d5, e4, e5, f4 and g4 are denied to the White 
King. Likewise, squares a5, bå, c5, c6, dé, 
e5, e6, f6 and g6 are denied to the Black 
King. Neither side has a passed pawn, but 
there are multiple targets, since none of the 
pawns are defended by friendly pawns. 

By applying the strategy described carlier, 
it is possible to calculate a composite attack 
map for the White King on the basis of the 
target pawns at a5, d6, and f5 and taking 
into account the centralization subgoal. The 
resulting map for Fine’s position is presented 
in figure 8, The squares without a number 
are the squares which are denicd to the 
White King because of the pawn structure. 
Given the position of the White King {al}, a 
shallow search using this attack map as part 
of the evaluation function would encourage 
the White King to approach the target pawn 
at a5 (eg: b2, c3, c4, b5, a5). If the Black 
King were more than five moves from a5, 
this sequence of moves would lead to suc- 
cess. Given that the Black King is at a7, 
however, this plan is doomed ta failure, In 
fact, the first move in the sequence, b2, is 
fatal and transforms a winning position into 
a draw. There are two important conclusions 
that follow from this discovery. The first is 
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Figure 8: Bonus map for the position of 
figure 7, a composite attack map for White 
based on the target pawns at a5, d6 and f5, 
and taking into account the centralization 
sudgoat, 


that our simple goal-gradient approach does 
not always work. The second is that chess 
end games are much more difficult than a 
novice player might suppose. 

Let us extend Ken Church’s ideas and 
apply the concept of coordinate squares to 
this position. First, we wish to assign each of 
the squares to one of three categorics: under 
the influence of the Black King, under the 
influence of the White King, or contested. 
To do this we compute the distance from 
each King to each square, given the con- 
straints imposed by the existing pawn struc- 
ture. This creates two distance maps, one for 
the White King and one for the Black King. 
For squares which are not accessible to one 
or both of the Kings, we assign a distance 
score based on the number of King moves re- 
quired to reach that square by traveling 
across accessible squares. Next, each square 
which is closer in moves to the Black King 
than to the White King and is not denied to 
the Black King is assigned to Black. Each 
square which is closer to the White King 
than to the Black King and is not denied to 
the White King is assigned to White. The re- 
maining squares are assigned to the con- 
tested category. The results of this proce- 
dure are summarized in figure 9. The squares 
assigned to Black are indicated by the letter 
B and the squares assigned to White are in- 
dicated by a W. The blank squares belong in 
the contested category. 

If the territory under the influence of 
either King is adjacent to an opponent's 
pawn, the contest is essentially settled since 
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SENC FOR FREE CATALOG FOA COMPLETE PROGRAM LISTING. A FEW 
SAMPLE GAMES FOLLOW STAR TREK (eK), FLIGHT SIMULATOR (4KI, 
FOOTBALL I8K} . S&S 5.ea 


ADD $2 FOR PROGRAMS ON CASSETTE, SS FOR DISKETTE 
CNCLUDES SHIPPING AND HANDLING) Colorado residents add 6% sales tan. 
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coat, OTOC en 
6000 E Evans Av Biog. 2 
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Figure 9: The square control concept applied to the position of figure 7. 
Each of the squares is assigned to one of three categories: under the influence 
of the Black King, under the influence of the White King, or contested, To 
do this, the distance from each King to each square is computed, given the 
constraints imposed by the existing pawn structure. Each square closer in 
moves to the Black King and not denied to the Black King is assigned to 
Black, and vice-versa. The remaining squares are labelled as contested. 
Through a complex series of manipulations and the use of so-called frontier 
squares (see text), White is actively directed to attack Black's pawns using the 
strategy of trying to prevent Black from moving onto strategic coordinate 
squares which are vital to Black’s defense. 


BLACK 


From the people who brought you KIMSI — 
Mr. Interface™ does it again with... 


BETSI 


that pawn would be open for capture. Since 
this is not the case for the present position, 
we wish to define a special category of 
squares called frontier squares. A frontier 
square is any square under your influence 
that is adjacent to an accessible contested 
square or is adjacent to an accessible square 
under the influence of the opponent. 

For the position diagramed in figure 7, 
the frontier squares for White are c4 and h4. 
The next step is to determine, for each of 
these frontier squares, the set of squarcs 
under Black’s influence which, if the Black 
King were located on that square, would 
prevent the White King from moving from 
the frontier square to any of the contested 
squares or to any of Black’s squares. For the 
frontier square at c4, the Black King would 
have to be at either a6 or b6 to prevent the 
White King from penetrating to b5. For the 
frontier square at h4, the Black King would 
have to be at g6 or h6 to prevent penetration 
by the White King. (Note that the Black 
King could not legally be at h5 if the White 
King were at h4.) These defense squares for 
Black can be determined by the machine by 
placing the White King on the frontier 
square and conducting a shallow tree search 
with White to move first and determining 


The PET’ to S-100 bus 
Interface/Motherboard 


Expand your PET as easily as S-100 users ! 


Plugs directly into any PET, no cable fabrication or additional connectors required. 
Compatible with virtually all S-100 boards (including memory and I/O types). 
Does not slow the CPU or alter PET’s operation in any way. 

Does not interfere with PET’s IEEE or parallel] user ports. 


Interface draws only 100ma ai 8V. 


And Betsi includes: 
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+ On-board Dynamic Memory Controller for the S.D. Sales “Expando-ram” high density/low 
power memory board (expand PET's memory to the limit on a single S-100 card)! 


© On-board sockets and decoding circuitry for 8K of PROM (add future PET firmware without 
purchasing an S-100 PROM card). 


Now available from stock at a price that can’t be beat (even just for memory expansion)! 


BETSI Interface/Motherboard — Kit $119, Assembled $165 
Expandoram 24K memory board — Kit $364, Assembled $414 


See your local dealer or contact FORETHOUGHT PRODUCTS 


87070 Dukhobar Road #F 
Eugene, Oregon 97402 


* PET ts a Commodore product 
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empirically which locations for the Black 
King successfully repel the invader, 

The next step in this process is to deter- 
mine the shortest distance between cach pair 
of frontier squares. For the present position, 
there are only two fronticr squares and thus 
one minimal distance. Five King moves arc 
required to travel between the two frontier 
squares. If Black is to be successful in de- 
fending, the Black King must be able to 
move from a defense square for h4 to a 
defense square for c4 in the same number or 
in fewer moves than it takes the White King 
to travel between the two frontier squares. 

For this reason, each square in Black’s 
defense set for c4 must be five or fewer 
moves from one of the defense squares for 
h4. Also, each square in the defense set for 
h4 must be five or fewer moves from one of 
the defense squares for c4. This requirement 
places a further restriction on those squares 
which satisfy the necessary defense condi- 
tions. One will note that a6 is six moves 
from the nearest square in the defense sct 
for h4. Also, h6 is six moves from the nearest 
square in the defense set for c4. Therefore, 
the true defense set for c4 contains only b6 
{a6 will not suffice). The true defense set 
for h4 contains only g6 (h6 will not suffice). 
Thus, we have determined that when the 
White King is on c4 and has the move, there 
is one, and only one, coordinate square for 
the Black King (b6). If the White King is 
on h4 and has the move, there is one, and 
only one, coordinate square for the Black 
King (g6). 

The next step is to generalize this analysis 
to squares in White’s territory which are 
immediately adjacent to the frontier squares. 
In this case, squares b3, c3, d3, g3 and h3. 
The square at b3 is one King move from the 
frontier square at c4 and six moves from the 
frontier square at h4. If the White King is at 
b3, therefore, the Black King must be on a 
square which is simultaneously one move 
from b6 and six or fewer moves from g6. 
The squares which satisfy this condition (ie: 
the coordinate squares for b3) are a6, a7, b7, 
and c?. This same set of calculations can be 
made for the other adjacent squares. The 
coordinate squares for c3 are b7 and c7. For 
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Tested, Guaranteed. 


450 nsec $310 
250 nsec $345 


Static TMS 4044—Fully Static 4Kx1 Memory 
Chips for reliability and DMA capability. 

Fully S-100 Bus Compatible—Dip Switch Address- 
able in two 8K blocks, 4K increments. Write Protect- 
able in 8K blocks, Memory Disable using Phantom (pin 
67) or strappable to any other pin. Built in Wait States 
(selectable O to 3). 
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satisfied, return the undamaged board within 10 days 
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Orders—You may phone for Visa, MC orders 10 to 
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Shipping - Normally from stock. Expected shipping 
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Need Intelligence in your 
488 Instrumentation System ? 7 


5-100 IEEE-488 
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2? 


Get it with your favorite S-100 computer 
and the P&T-488 Interface Board. 


The P&T-488 Interface Board gives your S-100 computer the 
ability to be a talker, listener, or controller on the [EEE-488 
instrumentation bus. Three software packages are available: 1) 
Driver for North Star DOS/BASIC 2) Driver for CP/M which can 
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ERES one of the software packages, is $400. 


PICKLES & TROUT 


P.O. BOX 1206, GOLETA, CA 93017, (805) 967-9563 


d3, there is only one coordinate square, 
namely c7. Since the White King can move 
directly from c3 to d3 and Black must move 
to c7, and only c7, to maintain his defense, 
it is not possible for him to be on c7 when 
the White King is on c3. If he were, he 
would not be able to move when White 
moved from c3 to d3 and still satisfy the de- 
fense requirements. For this reason, only 
square b7 is sufficient for Black when White 
is on ¢3. In addition, since b3 is adjacent to 

c3, the coordinate square for c3 is not avail- TROUT 
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Genghis Khan tried, 
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We can't guarantee that you'll control the world 
with a Mullen Controller Board kit; but this S-100 
peripheral can control disco lights, automatic cat 
feeders, time lapse photography experiments, 
environmental heating systems, and a whole lot 
more. 8 opto-isolator inputs respond to external 
stimuli... your computer decisions based on this 
information... and interfaces to the outside 
world through 8 on-board computer controlled 
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SPECIAL OFFER: Buy the Kit (upper case alpha- 
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able for b3. Thus the set for b3 is further re- 
stricted to a6, a7 and c7. 

If we examine g3, we will discover that 
it is one move from the frontier square at h4 
and four moves from the frontier square at 
c4. This implies that the Black King must be 
on a square which is one move from b6 and 
four or fewer moves from g6, There are only 
two squares which satisfy this requirement, 
namely, f6 and f7. Therefore we can con- 
clude that no square other than f6 or f7 will 
serve as a coordinate for g3. When we ex- 
amine h3, we will find that there are three 
potential coordinate squares: f6, f7 and g7. 
Since this set shares f6 and f7 with the 
defense squares for g3, further restrictions 
are implied. It is not possible for the same 
square to serve as a coordinate square for 
two adjacent squares since it is not possible 
for Black to pass when it is his turn to move. 
Therefore if f6 is assigned to h3, then f7 
must be assigned to g3. If f7 is assigned to 
h3, then f6 must be assigned to g3. 

The next step in this process is to deter- 
mine the set of coordinate squares for each 
square on the minimum pathway(s) between 
the two frontier squares for which the coor- 
dinate squares have not yet been deter- 
mined. The new squares are e2, e3, f2 and 
f3. By following the same analysis as before, 
we can determine that the coordinate 
squares for e2 and e3 are d7 and d8, The 
coordinate squares for f2 and f3 are e7 and 
e8. Because of the adjacency restrictions, the 
assignment of one of these values automati- 
cally restricts the other square to the remain- 
ing value. 

The results of our coordinate square 
analysis are summarized in table 1. When it 
is Black’s turn to move and White has moved 
to one of the squares listed in the table, 
Black must be able to move to a coordinate 
square. For this reason, the evaluation func- 
tion for the machine can be modified to give 


Square of the Coordinate Squares for the 
White King Black King 
b3 a6, a7, c? 
c3 b7 
c4 b6 
d3 c7 
e2 d7, d8 
e3 d7, d8 
f2 e7, e8 
f3 e7, e8 
g3 f6, f7 
h3 f6, f7, 97 
h4 gô 


Table 7; Results of the coordinate square 
analysis for the position of figure 7. Shown 
are the potential squares for the Black King 
which defend against the White King's 
threats when it is White’s turn to move. 


a bonus of 20 points to White for any termi- 
nal position in the look-ahead tree where it 
is Black's turn to move and the Black King 
is more than one move from a necessary 
coordinate square. If it is White’s turn to 
move, a 20 point bonus will be awarded to 
any terminal position in the look-ahead tree 
where Black is not located on a necessary 
coordinate square. 

Let us consider how this in combination 
with the White King attack map (figure 8) 
will affect the outcome of the look-ahead 
search. The machine will try to find a path- 
way to squares c3 or d3 because their attack 
value of 7 is higher than any of the sur- 
rounding squares. Even better would be a 
pathway to c4, since its attack value of 10 is 
larger than 7. In each of these cases, the 
machine will also try to satisfy the condition 
that Black cannot be on a proper coordinate 
square when the White King reaches c3, d3, 
or c4 so that the additional 20 point bonus 
is also earned. In attempting to do this, it 
will find that if the White King moves from 
al to either a2 or b2 on his first move, the 
20 point bonus will be lost forever. The rea- 
son is that either of these moves allows the 
Black King to coordinate and, because of 
the minimax strategy, the tree search will 
always assume replies for Black which main- 
tain this coordination. If the White King’s 
first move is to square b1, the Black King 
cannot coordinate and the 20 point bonus 
will still be available at some of the terminal 
positions in the tree. It is not surprising, 
therefore, to find Reuben Fine advising that 
K-N1 is the only move for White which pre- 
serves the win. 

In order for the machine to find this 
move, assuming that both the attack map 
and the coordinate squares information are 
incorporated in the evaluation function, a 
search of nine plies is required. This is a tre- 
mendous improvement over the 26 ply 
scarch required by the unmodified program. 
In order to actually win a Black pawn, the 
White King must move to c3 or c4 with 
Black not in coordination and make a 13 ply 
look-ahead search. If the White King moves 
to d3 with Black not in coordination, an 
11 ply search will suffice. In order to pre- 
vent a draw, White will avoid repeating 
identical positions and thus will eventually 
travel to c3. From this vantage point, the 
win of a pawn can be visualized with a9 ply 
search, Therefore, the problem could be 
solved by the machine if it searched to a 
depth of nine plics for each move calcula- 
lion. With a program such as Chess 4.5, a 
G ply search for this position can be con- 
ducted in less than two minutes on even a 
medium power computer. 

The procedures which we have described 
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All preducts incioda a 90 day warranty and optional ammm) maintenance packege. Add 1% 
shipping and handling in tha ceatinental U.S. 
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are applicable to a wide range of end game 
positions. The coordinate squares analysis 
demonstrates that even highly complex end 
game positions are manageable when the 
full-width search employs a sufficiently 
knowledgeable evaluation function. Al- 
though the examples we have discussed en- 
compass only a few types of chess positions, 
we hope that the reader will envision the 
power which is potentially available when 
the evaluation function is modified to incor- 
porate relevant chess knowledge. The imple- 
mentation of this approach on a broad scale 
should eventually produce chess programs 
which can be run on medium power ma- 
chines and still compete on equal terms with 
strong human players. 


Quiescence 


Another important area for the applica- 
tion of chess knowledge is the problem of 
guiescence, \t is essential that the static eval- 
uation function not be applied to a turbu- 
lent position. If the next move has the 
potential to produce a major perturbation 
of the situation, the evaluation which is ren- 
dered will not be accurate. For example, it 
makes little sense to apply a static evaluation 
function in the middle of a piece exchange 
or when one of the Kings is in check. In each 
case, the judgment which is rendered will 
not be reliable. For this reason Chess 4.5 
presently goes beyond the predetermined 
search depth at '‘terminal” positions where a 
capture might be profitable for the side 
whose turn it is to move, where certain types 
of checking moves are possible, or where a 
pawn is on the seventh rank. This extended 
search facility is called the quiescence 
search, and its major objective is to produce 
reasonably static positions for which the 
evaluation function can provide accurate 
assessments. 

A weakness of this present implementa- 
tion is that the definition of a turbulent 
position is much too narrow. There are 
many situations in addition to capture 
threats, checks on the King, and pawn pro- 
motion threats which are clearly turbulent. 
Larry Harris has characterized some of these 
in chapter 7 of Chess Skill in Man and 
Machine. Harris includes in this category 
positions which involve a pawn lever, a back 
rank mate threat, or sacrifice potential. The 
interested reader can consult Harris’ chapter 
for operational definitions of these patterns. 
It is essential to note that these and other 
important patterns are not easily detected. 
In cach case, a fairly sophisticated pattern 
analysis capability is required. A reasonable 


goa! for improving the present forward 
search chess programs would be the develop- 
ment of an efficient procedure for detecting 
potential sources of turbulence. The central 
objective would be to use this information 
as one of the decision criteria for terminat- 
ing search at a node. If the position is not 
quiescence in respect to a potential perturba- 
tion which has been detected, the look- 
ahead process should be continued. 

For example, during the opening when 
the machine leaves its library with informa- 
tion that the control of a particular square is 
an important objective, the decisions about 
scarch termination can consider whether the 
position is quiescent in respect to perturba- 
tions which might influence control of the 
key square. Another example of this idea 
involves the end game. If the preliminary 
analysis indicates that a particular pawn 
should be an attack target, the decision for 
search termination should consider whether 
each position is quiescent with respect to 
this goal. Posilions at the predetermined 
depth ievel will be evaluated only if all po- 
tential attackers are more than two moves 
away from the target. When one or more 
attackers are close to the goal, the search 
process will be continued to determine if 
capture js feasible. This modification of the 
search process introduces a goal directed 
selective search at the terminal positions of 
the full-width tree, The addition of several 
extra plies of search at relevant nodes in the 
tree can mean the difference between find- 
ing and just missing an important continua- 
tian. This type of facility is difficult to 
implement and difficult to control properly, 
but the potential gains are such that the 
effort is worthwhile. 


Establishing Appropriate Goals 


In order to implement this goal direction 
feature in the evaluation function and qui- 
escence search, it is necessary to recognize 
that a goal which may be of paramount 
importance at the base node of the look- 
ahead tree may no longer be relevant al 
some of the terminal nodes. Intervening 
moves may accomplish the necessary goal 
or may alter the situation such that it is no 
longer possible. In these cases, the condi- 
tional evaluation function would be directed 
at an inappropriate goal, One way to deal 
with this problem would be to select goals 
which were both general and long range. In 
this case, they should continue to be rele- 
vant at the terminal nodes of the look-ahead 
tree. Unfortunately, this is a fairly severe 
limitation on the goal directed search and is 
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Why 
Pay More? 


Why pay for more printer than you need? Our 
series 40 printers offer more features for less 
bucks than any other commercial quality printer 
on the market today. A complete stand-alone 40 
column impact dot matrix printer with a 64 
character ASCII set. Includes power supply, 
casework and interface electronics. Single 
quantity price for the parallel ASCII interface 
model is $425. Serial RS232/current loop 
interface models start at $575. OEM discounts 
available. 


For more infor- 
mation write to: 


MPI 2099 West 

2200 South, Salt os 
Lake City, Utah 

84119 or call (801) 

973-6053. 


LSI-11 TIME 


weer Terme | Peedi 


It's TIME you brought your LSI-11 up to DATE. TIME and 
DATE, two important parameters in the computer world, are 
available to your LSI-11 on one DUAL SIZE BOARD. When 
requested, the TCU-50D will present you with the date (month 
and day), time (hour and minutes), and seconds. Turn your 
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therefore not desirable. A second approach 
would be to apply pattern analysis at each 
terminal node instead of at the base node 
only. In this case, the goals which were 
selected would always be relevant to the 
position. This procedure would be very time- 
consuming, since feature analysis is a com- 
plex process. The essential aspect of the 
problem is a time relevance trade-off in 
which a guarantee that relevant goals are 
being pursued requires a heavy investment in 
additional computing time. The third and 
most reasonable approach would be to desig- 
nate which features of the position are 
crucial to each particular goal and to incre- 
mentally update our goals (and thus the 
evaluation function and the decision rules 
for the quiescence search) whenever these 
features change. This is a highly sophisti- 
cated approach which would be difficult to 
implement. 


Conclusion 


Let us summarize our conclusions and 
relate them to the world of personal com- 
puting. We have attempted to argue that a 
full-width search strategy is feasible with a 
small computer, and that ultimately this 
approach will produce better chess than a 
sclective search strategy. For this plan to be 
successful, it is necessary to employ software 
and hardware suited to the task. The soft- 
ware must incorporate recent improvements 
in tree searching strategy (ie: a-8 pruning, 
the capture and killer heuristics, iterative 
searching, staged move generation, incre- 
mental updating, serial evaluation and trans- 
position analysis) as well as other refine- 
ments such as conditional evaluations which 
provide goal direction to the search process. 

On the hardware side, it is necessary to 
have a reasonably powerful system. Al- 
though there have been a number of recent 
efforts to program microprocessor systems 
to play chess, the games which have resulted 
have not been comparable to those played 
by established large system programs. Al- 
though it is quite an accomplishment to pro- 
duce even rudimentary chess from a micro- 
processor system, the level of play to date is 
not very encouraging. An example of this 
type of game appeared recently in March 
1978 BYTE, “Microchess 1.5 versus Dark 
Horse,” page 166. 

The type of chess program described in 
this article requires reasonably powerful 
hardware in order to provide an interesting 
game. Because of the many operations re- 
quiring bit map manipulation, a 16 bit pro- 
cessor is much more desirable than an 8 bit 
processor. It is more efficient to represent 


a set of 64 squares with four 16 bit words 
than with eight & bit words. With a need for 
computing power in mind, one might select 
a microprocessor system based on one of the 
new high-speed 16 bit processors such as the 
Zilog Z-8000 or the Intel 8086. In addition, 
this type of program will require quite a bit 
of memory. The program itself will require 
about 20 K bytes and the transposition 
table, if implemented, will need at Icast 
another 20 K bytes. If the programmer plans 
to add chess knowledge for conditional eval- 
uations, a total of 64 K bytes is desirable. 
An opening library which is sufficient to 
keep a skilled opponent on his toes requires 
disk storage. 

These considcrations may dampen the 
enthusiasm of many would-be chess pro- 
grammers. On the other hand, a realistic 
orientation al the start could save a great 
deal of grief along the way. When imple- 
mented on fairly sophisticated hardware, our 
demonstration chess program will usually 
provide a reasonable chess move after two 
or three minutes of computation, tf more 
time is available (eg: selecting a move for a 
postal chess game by letting the machine 
“think” for several hours), a fairly respect- 
able level of piay can be anticipated. With 
future hardware improvements, this type of 
program may soon become reasonably com- 
petitive al tournament time limits, even on 
a personal computing system, E 
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Languages IPS, An Unorthodox 
Forum High Level Language 


About the Author and IPS 


Karl Meinzer is a research physicist at the University of Marburg, 
in West Germany. He is a member of a very small, worldwide group of 
amateur satellite builders, who find an organizational home in the 
AMSAT project and its ties to the amateur radio community as weil as 
various space agencies. Karl is the principal system designer for the high 
orbit “OSCAR” amateur radio satellites soon to be launched. His func- 
tions include the mechanical design, RF system design, computer 
system design and software design of the vehicle. IPS was developed 
in order to provide the AMSAT organization worldwide with machine 
independent OSCAR ground station software to be run on the typical 
project member's computer. The spaceborne version of IPS will run on 
an RCA 1802 processor in orbit, with 4 K (hopefully 16 K if tech- 
nology becomes available) of en board memory and a radio communi- 
cations bootstrapping method for loading from the ground control 
station. After the satellite is launched, IPS may indeed be ane of the 
highest flying high level languages around. 


Dr Karl Meinzer It seems to me that the general confusion 
Hoshenweg 38 and lack of orientation regarding the best 
355 Marburg 1 high level language for microcomputers js 
WEST GERMANY caused by the combination of two problems: 


1. There is a marked lack of stated ob- 
jectives regarding such a language. 

2. It is tacitly assumed that the ease with 
which a feature can be added to a lan- 
guage is enough justification for add- 
ing the feature. 


Let us look at the first point. In my 
experience, the term high level language 
has nearly the same meaning as “problem 
oriented? language. But oriented to what 
problems? It may help to classify computer 
applications into three large areas: 


è Mathematical problem solving: Here 
the amount of data to be processed 
is usually small, but the data are sub- 
jected to relatively complicated nu- 
merical operations requiring high accu- 
racy and diversity. 

è Commercial data processing: Here 
large amounts of data are subjected 
to relatively simple procedures, Appra- 
priate file handling techniques are 
essential. 

è Engineering applications in the wider 
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sense: By this | mean process control, 
systems programming, games, Al, 
robotics and any processes interacting 
with the real world. Programs in this 
area are characterized by moderate 
amounts of data and accuracy require- 
ments. However, these programs usu- 
ally have rather complicated flow of 
control. 


| think that much of personal computing 
would fall into the third class. On the other 
hand, the programming languages advocated 
so far were really created for the first two 
groups. To complicate things further, a 
good programming language not only has 
to be optimum for the intended problem 
area, but it also has to appeal to the humans 
using it. After all, the purpose of a program- 
ming language is to be a tool of communica- 
tion between the human way of under- 
standing a problem and the unambiguous 
way a computer needs the problem to be 
explained. Here of course many different 
opinions are to be expected, particularly be- 
cause there is a positive feedback mechanism. 
By using a given language, one adapts to 
its idiosyncrasies and then, in all truth, can 
claim the “superiority” of that language. 
Nevertheless, | feel there are some language 
properties that would hardly be considered 
controversial. They can be best expressed 
by some buzzwords: top down design, 
structured programming, modularity and 
good self-documentation. These properties 
are particularly important in problem areas 
where the intelligence of the program resides 
in the flow of control. 

The second problem may be explained 
by having a look at the competitive environ- 
ment in which languages are created. If a 
company wants to express the superiority of 
their product, what better way than to claim 
to have more language features than the 
other guy. With this approach to computer 
languages lots of problems are created. The 
added features not only require additional 
implementation effort and an increase in 
the amount of hardware required (ie: 
memory), but they also make the language 
mentally less manageable, both from the 


A Bit of the BASIC 


———Computer Resource Book~—Algebra by 
Thomas A Dwyer and Margot Critchfield is 
an exciting new way to learn about algebra 
and the interesting things you can da with it 
using a computer. The book uses the BASIC 
language, and flowcharts are used through- 
out to show the structure of programs. 
There are 60 applications programs inclu- 
ding straight line graphs, polynomial equa- 
tians, a space probe navigator, temperature 
profiles, computer generated animation, the 
ultramatic root finder, random number 
generation and many more. Although it 
is particularly suitable for students, just 
about everyone will find some intriguing 
and easy to use applications in this enter- 
taining book. $5.20. 


—-——Introduction to Computer Program- 
ming by Rudd A Crawford Jr and David H 
Copp. Here is an excellent way to learn 
about the general aspects of computer pro- 
gramming. Introduction to Computer Pro- 
gramming makes use of a hypothetical com- 
puter model and set of assembly language 
instructions designed to help the beginner 
see what goes on in computer programs. 
The emphasis throughout is on general 
principles; such concepts as loops, decisions, 
flowcharts and IO routines are covered in 
detail. The book also provides many ex- 
ample problems and prompts the reader by 
pasing several quiz questions. Anyone who 
masters its contents will have a solid foun- 
dation for the study of practical assernbly 
and high level languages. It is especially 
recommended for students, but just about 
everyone new to the subject should profit 
from it. $4.80, 


POB 428, 25 Route 101 West 
Peterborough, NH 03458 
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The Textbook. . 
18 Chapters {481 pages) of solid, accurate program- 
ming information, by Walter J Weller. 


———Basic BASIC by James S Coan. If 
you're not already familiar with BASIC, 
dames Coan’s Basic BASIC is one of the 
best ways to learn about this popular 
computer language. BASIC {which stands 
for Beginner's All-purpose Symbolic Instruc- 
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter- 
minal, writing programs, using loops and 
lists, solving mathematical problems, under- 
standing matrices and more. The book con- 
tains a wealth of illustrations and example 
programs, and is suitable for beginners at 
many different levels. It makes a fine refer- 
ence for the experianced programmer, too. 
$8.95. 


_basic basic 
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———Advanced BASIC by James S Coan. 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC. In this book 
you'll learn about some of the more ad- 
vanced techniques for programming in 
BASIC, inciuding string manipulation, the 
use of files, plotting on a terminal, simula- 
tion and games, advanced mathematical 
applications and more. Many useful algor- 
ithms are covered, including some clever 
sorting techniques designed ta reduce 
program execution time. As with Basic 
BASIC, there are many illustrative example 
Programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $8.95. 


A Full Debugging Monitor. . 
Not a simple ROM monitor. Contains facilities for 
breakpointing, modification of pseudo registers and 
much more. 

All this for the amazing price of $29.95. 


And by the Way. .. 


When the coupon in the book is filled out and re- 
turned, the object programs of the editor/assernbler 
and debug are shipped FREE! 


The Assembly Program (easily worth $100. by itself). . 
The full source listing of a combined editor /as- 
sembler which supports the language used. This 
language uses 8080 mnemonics, and is resident in 
less than 10K of RAM. 
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For your convenience in ordering, please use this page plus the 
order farm on page 99. You may photocopy this page. 


DIAL YOUR CHARGE CARD ORDERS TOLL FREE 
{800} 258-5477. 


A Guided Tour of Computer Pro- 
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman. Colorful graphics 
abound in this lively introduction to the 
BASIC language. The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice, A Guided Tour begins with a 
section on how to recognize a computer, 
followed by some tips on working at a 
terminal. By the end of the book readers 
are writing their own programs and solving 
elementary problems in finance and busi- 
ness. The emphasis throughout is an tear- 
ning by doing. Anyone interested in com- 
puter programming should benefit from 
A Guided Tour of Computer Programming 
in BASIC. $5.20. 


—-~—Some Common BASIC Programs by 
Lon Poole and Mary Borchers, published by 
Adam Osborne and Associates. Here's a 
single source for all those hard ta find 
mathematics programs! Some Common 
BASIC Programs combines a diversity of 
practical algorithms in one book: matrix 
multiplication, regression analysis, principal 
on a loan, integration by Simpson’s rule, 
roots of equations, operations on two vec- 
tors, chi-square test, check writer, geometric 
mean and variation, coordinate conversion 
and a function plotting algorithm. These 
are just some of the many programs in- 
cluded. For only $8.50 you can buy the 
kind of programs previously available only 
as part of software math package systems 
for large scale computers. All the programs 
are written in a restricted BASIC suitable 
for most microcomputer BASIC packages, 
and have been tested and debugged by the 
authors. New, 2nd edition, only $8.50. 
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user’s and the implementer’s points of view. 
In my opinion, PL/I, despite all its virtues, 
is a good example of where this philosophy 
leads. 


We Need Extensibility, Not Features 


It is noteworthy that the need of features 
in languages arises in the first place because 
of their restrictive nature. In the traditional 
data processing environment with many 
independent users, this is justified by having 
to prevent inadvertent interactions. But in 
the personal area, with typically only one 
user per computer, one may take a much 
more liberal attitude. If one user bombs, 
nobody else suffers. So instead of packing 
a language with features, it makes much 
more sense to provide only those capabilities 
which will be required in, say, 70% or more 
of all programs. /n addition the language 
should contain means to extend itself. 
Thus, it will be possible to add additional 
capabilities, if required. Another holy cow 
in high level languages is the use of alge- 
braic notation. Because it is relatively 
easy to implement, its desirability is hardly 
ever investigated. Admittedly, expressions 
in reverse Polish notation are somewhat less 
readable than the equivalent algebraic 
forms. 

However, look what you gain by the 
explicit presence of a stack: 


è Parameter passing between program 
modules becomes extremely simple. 

è The problems regarding the initializa- 
tion and range of validity of variables 
in blocks disappear. Local variables 
are kept on the stack without a name; 
only global variables are named. 

® With variables there is a clear distinc- 
tion between the ‘“‘pot'’ and the 
“content of the pot.” The explicit 
availability of addresses enables very 
fancy pointer calculations. 

è Testing of program modules is ex- 
tremely simple. By manuaily supply- 
ing parameters on the stack and ob- 
serving the results, debugging is a 
snap. 

® The language becomes completely pro- 
cedural and the statements are exe- 
cuted strictly in the order in which 
they are written down. There is no 
guessing or experimental programming 
to learn what the compiler will do to 
your program. 


| hope that these points show that the deci- 
sion — reverse Polish notation or algebraic — 
should not be a closed matter, 


Another paint often overlooked is the 
fact that the language itself is only part of 
the total acceptability of an approach. 
The amount and ease of handling are at 
least as important. A compiler requiring 
five passes before an executable code is 
produced hardly could claim to be very 
convenient. | feel it is highly desirable that 
a system should be interactive. This goal 
includes the requirement that a compiler 
should only require a single pass; incre- 
mental compilation with an interpretive 
mode should be available to simplify de- 
bugging. Usually this translates into the 
fact that objects need to be defined before 
they can be referenced, a small penaity for 
a much more transparent system. (Probably 
the wide acceptance of BASIC and APL 
is based on their interactive handling despite 
their mismatch to engineering problems.) 
Also, note that a fast single pass translation 
system eliminates the need for code re- 
Jocatability. Instead of relocating binary 
objects, one simply translates the source to 
a new position in memory; there is no sep- 
arate loading process. 

If one takes the points above as an out- 
line for a language design, it turns out that 
amazingly few degrees of freedom are still 
left. The main remaining work is selecting a 
suitable set of primitive functions, from 
which the language is built. This cannot be 
done arbitrarily, as a lot of feedback is 
necessary from actual problems utilizing the 
language. Only that way can one assure that 
the instructions are powerful and self- 
documenting in a reverse Polish notation 
environment. Most importantly, the lan- 
guage should have as few underlying rules as 
possible; and these rules should be applied 
without exception. 

An important question relates to the 
optimum implementation technique to be 
used. Essentially three approaches are possi- 
ble. BASIC and APL are generally realized 
as interpreters. Classical interpreters are 
rather slow because the program has to 
be analyzed at execution time. The other 
approach, the compilers, produces machine 
code which executes without syntax and 
semantics analyzing overhead; although a 
good optimizing compiler usually is bulky 
and requires large amounts of memory. 
Otherwise, the code produced is less than 
optimal if the compiler is simple. 

A third approach tries to combine the 
best of both techniques. It uses a set of high 
fevel instructions defined by code routines. 
A compiler produces a pseudocode, treating 
these code routines as the instruction set 
of a virtual high level machine. Since these 
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instructions (usually addresses to primitive 
code) need very little overhead to interpret, 
such a system is only 2 or 3 times slower 
than optimum assembler produced code. 
Assuming that this is acceptable, the tech- 
nique results in an extremely compact 
pseudocode requiring significantly less mem- 
ory than the other approaches. Further- 
more, the pseudocode itself is machine 
independent; only the primitive routines 
present an interface to the underlying 
processor. This greatly facilitates program 
portability, since transcribing such a system 
to a new processor entails rewriting on the 
order of 1000 bytes of code (600 in the 
example which | have implemented). Of 
course the largest part of such a system 
is written in the language that is to be 
implemented. 

My interest in computing stems from my 
involvement with the AMSAT Phase 11I 
satellite, a space project for the amateur 
radio service. For the on board computer 
as well as for the ground stations | wanted 
to design a system that met the criteria 
above and would allow total portability of 
the programs among the numerous differ- 
ent computers used by radio amateurs 
worldwide. Naturally the first thing to do, 
if one tackles a project of this sort, is to 
study the literature on the subject. A lan- 
guage that meets most of the points just 
mentioned has been published by CH Moore 
under the name of FORTH. Particularly, 
Moore’s implementation technique is very 
ingenious. On the other hand, his user 
interaction mechanisms were too limited 
for our problem area. Thus, | rather took 
FORTH as a platform, from which | de- 
signed and implemented my own system 
which | named IPS (abbreviated from its 
German language name). 

The hardware | had in mind when | de- 
signed IPS would typically consist of: 


® An 8 bit processor. (The spacecraft 
computer uses the RCA COSMAC and 
most ground stations use the 8080 
and some the 6502.) 

e 16K bytes of programmable memory. 
The IPS system itself requires a little 
less than 6 K bytes, so enough mem- 
ory is left to the user. 

@ An ASCII keyboard and a 64 charac- 
ter by 16 line video display memory. 
The video memory makes possible 
much more transparent interactions 
than obtainable with a Teletype or 
a hard copy oriented system. 

@ A hardware input of a sort providing 
20 ms timing signals. All timekeeping 
and scheduling is derived from this 
input. 


è Only enough read only memory to 
provide a simple bootstrap loader. 
(The COSMAC based systems have 
no ROM at all due to a hardware 
load feature on the chip.) 

® A cassetle interface and one or two 
cassette recorders. Since all ground to 
spacecraft and spacecraft to ground 
communication takes place synchro- 
nously at 400 bits per second, the 
same rate is used for recording. Re- 
cordings have a fixed length of 512 
bytes (half a TV screen) and may 
consist of ASCII characters or binary 
data. Synchronous in this context 
means that there are no start or stop 
bits, the data is self-clocking and a 
valid block is preceeded by a 31 bit 
long syne vector. 


| want to give you now a cursory descrip- 
tion of the language. In the context of this 
discussion, unfortunately, it will be impossi- 
ble to give you a detailed introduction. 
Rather, I intend to familiarize you suf- 
ficiently for being able to walk with me thru 
a typical program. | hope that this way you 
will be able to get some feeling of the nature 
of IPS. First tet me describe how you com- 
municate with IPS. The display screen has 
16 lines. The eight lower lines are used for 
input to the system, either manually or by 
tape. The upper eight lines are used by IPS 
for answers. The basic IPS quantity is the 
16 bit signed integer. By typing 125, for 
example, this number is put on the stack 
and displayed in the first display line. 
Keying -20 now, you get the display 
125 —20. Now keying * will result in — 2500 
being left on the stack, An arbitrary number 
of numbers may be held on the stack; 
operations always refer to the last entries 
an the stack regardless of the total number 
of numbers on it. 

Besides the normal algebraic operators 
logical operators are also available to allow 
bit manipulations. Boolean operations use 
these operators as well. (Only the effect 
on the least significant bit is utilized.) 
Another class of operations allows one to 
manipulate the order of items on the stack, 
like DUP duplicating an entry or VERT, 
which interchanges the two top entries. 
[Note: /n present versions of IPS, German 
(the author’s natural language) inspired the 
symbols of primitives. Thus, VERT is from 
the German word Vertauschen. ] 

Numbers may be stored permanently 
with a name attached to them. They can 
either be defined as constants (KON), as 
variables (VAR) or ar arrays (FELD). Calling 
a constant by mentioning its name pushes 
its value on the stack. Calling a vari- 
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Listing 1: The complete text of an IPS program's source. The program used as 
an example is the software which converts ASCI to Selectric codes, formats 
a text fife and prints that file on a Selectric typewriter. Please note that the 
{PS primitives used in this listing are based on the German version of the 
system; equivalent English language names of the primitives are often noted 
in the text of the article as various features are explained. 


(C IBM SCHREIBMASCUINENSTEUERUNG VOM 2 . 11. 77 ) 
Ü KON CBA 
HIER 2 e ? CBA ! HIER GR + $H | 
CBA VAR CLIARP 
9 VAR OLE 
31000 VAR SBP 
#1000 VAR JBP 
0 VAR BL 
CODE REMOVE 16 LD IM PC PH} N LD IM #Ç PLO A LO IM #A PLO 
BEGIN #0 1/0 LD MX #20 AND IM ( BELEGT? ) 
Hef Y? aC DEC #C SHI € 769 US LOOP ) 
VERT D=O END TH FPFF LO itt ZA STR 3 17/0 FA DEC h 17/0 NEXT 


CODE HYTRANSHIT 1 LD IM #D PLO BEGIN $ LA IM PA PLA PS IMF es LD 
A AFF XOR iM #A STR 100 LD IM Fe PUT 0 LD IM #C PLO #4 INC 
BEGIN PD 1/0 LO MX #39 AND IM ( FREE? ) 
Mag NOT Y? SC DEC #C AHI 
VERT f=0 END NEXT 
TH #4 DEC PN SLO M=0 Y? 3 t70 
Ni 4 1/0 
TH NEXT 
CONE L/TRANSMIT O LD IM #D PLO O END 
CODE MSTATUS PS ->X PS DEC #D 1/0 #A ->X 
PS NEC O tO IM PS STR NEXT 


9 VAR LW 

0 VAR S5 

i] VAR EINFL 

4 FELD S5C #1020 #400C SC 2 !FK 
18 FELD 3ZEICHEN 

128 FELD T1 


INCR DUP @ 1 + VERT ! ; 

> ADJ DUP @ #3FF UND #1000 ODER VERT ? 

: LIES LADEFLAGGE @B NICHT OUP LV @ UND 
JA? IBP @ 512 + IBP ! IBP ADJ S INCR O LY ! 
DANN 
EINFL @ 5 @ 2 < UND UND ( LADEFLAGGE NICHT ) 
JA? {BP @ DUP #200 + SLOAD 1 Lv ! 
DANN : 


o 


+ NORMALZEICHEN DUP MSTATUS EXO #RO UND =0 
JA? DUP #80 UND >O € DREYE KOPF ) JA? 1 
NEIN: 2 
DANN 
H/TRANSHIT 0 & JE NUN RFHAOYE 0 6 JE NUN 
DANN L/TRANSMIT CHARP INCR REMOVE 


. 
r 


SONDERBEH #20 - DUP 4 < JA? DUP 2 = JA? 1 LE ! 
DANN 
SC + @B H/TRANSMIT CHARP INCR 
REMOVE 
NEIN: CHARP @ 2 - CHARP ! 
L - DUP DUP + + 3ZEICHEN + 
CHARP @ 3 >>> 
DANN ; 
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able or an array pushes its address on the 
stack; in order to get its value, the operator 
@ is used. It interchanges an address on tne 
stack with the content of the address. To 
store a value into an address, the operator ! 
is used, It expects a value and an address on 
the stack, and by performing the storage, 
removes both. There are other similar 
operators like @B or !B, which perform 
like operations on single bytes. 

Program modules are created by a colon 
followed by the name of the module. Then 
the actions are typed in as if the computer 
were to perform the actions immediately. A 
module is closed by a semicolon. Later on 
this module may be executed by typing its 
name or its execution may be put into 
another module simply by writing its name. 

To control the flow of the program, IPS 
has some control words consistent with 
structured programming. The words JA? , 
NEIN: DANN (In English, respectively: 
YES? , NO: , THEN) are pretty self- 
explanatory. They roughly correspond to 
the IF THEN ELSE construct of other lan- 
guages, only, Lo be consistent with reverse 
Polish notation, the test action precedes the 
JA? . There are three loop constructs avail- 
able. The JE... NUN (in English, EACH... 
NOW) construct expects two numbers, a 
loop start index, and a loop limit. The loop 
is executed for cach consecutive value, until 
the index exceeds the limit. If initially the 
limit is smaller than the start, the loop is 
not executed at all. This construct may also 
employ an increment different from one. 
The two other two loop constructs are 
intended for loops with an initially unknown 
number of repetitions. The ANFANG ... 
ENDE? (in English, START . . . END?) 
structure jis functionally equivalent to the 
DO UNTIL of PASCAL with the test at the 
end of the loop. The ANFANG ... JA?... 
DANN/NOCHMAL (in English, START... 
YES? . . . THEN/AGAIN) structure cor- 
responds to DO WHILE with the test at the 
beginning of the loop. Note that these 
constructs completely eliminate the need 
of GOTQOs and labels. 

Now | want to take you on a tittle walk 
thru a program. Its purpose is to read ASCII 
text recorded on tape cassettes and print 
them on my IBM Selectric typewriter. (As 
evidence of the practicality of IPS, this 
article's manuscript. was printed by this 
program.) As mentioned, a tape block con- 
tains 512 characters (eight lines) without 
any control characters, The program, besides 
reformating the ASCII characters to the 
Selectric code, has to insert this control 
information. The program maintains a 
cyclic buffer of two blocks; 5 is a variable 
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: SBLOCK O 7 JE SZEILE 


: TYPLIME #00 i CR/LF ) 


ANFANG CHAPP @ @B 47F UND Tl + &B 
DUP DUP #1F > VERT #30 < UND 
SONDERBEH 
NORMALZELCHEM 


JA? 
HEIN: 
DANN 


ENDE? ; 


LE @ 


CBA DUP 63 + JE I GB 


JA? 90 
DANN 


JA? 
PANN 


#20 - >0 
| CHARP ! 


NUN TYPLINE ; 


: SZEILE SBP @ CBA 64 >>> CBA 7 - CHAP ! 


SBP @ G4 + SBP ! LIFS 
MSTATUS 2 UNN >0 { STOP? ) 


EIMFL ! 


NUN SBP ADJ S @ 


: SCHREIB EINFL @ JA? S @ >D 
JA? SBLOCK BL @ 4 > 
JA? Ọ BL ! MSTATUS 


L ENDF SCHREIBMASCHINE; 


JA? 0 
DANN L 


HEIN: 


DAN 
DANN 


DANN 
MSTATUS 2 UND 39 


EUNFL ! 


(ES ; 


1-5 ! BL 


INCR ; 


JA? O 7 JE 
NUN 
NAIM: 9 Fi% 


DAN FM 


N 


CHAR? @ 1 + !B CBA CHARP ! Q LE ! 


( START? ) 


CBA 1 =- CHARP ! 


TYPLINE 


Fe! 


O @L ! MSTATUS #78A UND =N 


JA? £ TIFFSTFLLUNG BET AUS ) 
2 It/TRASSMIT REMOVF DAMN 
MSTATUS ( START? ) JA? 1 EINFL 1 


DANN 


SCHRFIB IST EINGEHAENGT ) 


{ CODETABELLE FUER IBM KOPF CORRTSPONDENCE COURIER ) 


t2020 
"2020 
49420 
ATFCC 
ICIL 
#90D1 
'1cos 
71051 


T1 


FOSHE 
#2708 


47020 
#27020 
19787 
1337 
#9A82 
CSOD 
11402 
F550 


64 


+5820 


#2020 
#2020 
#CF26 
5774F 
*D2DE 
‘BBE 
S258 
#3B7353 


IFK 


"2808 


SZEiCHEN 9 IFK 


12020 
#2020 
#5807 
FSET6 
§F9a8 
3BD 
47933 
70430 


"0853 


( ENDE 
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"2321 
#2020 
*DES6 
"0711F 
#95C3 
FCOFA 
#1543 
*hO7A 


®202F 


TABELLE } 


#2020 
#2020 
*h625 
#FFCS 
493FO 
*SUFE 
#1370 
#0476 


#2708 


42220 
*2020 
"#0119 
"BC27 
#FCCA 
47531 
AICHA 
*FSBI 


082D 


#2020 
#2020 
*C634 
#9928 
7CCB2 
#8129 
*GC32 
#20449 


*6060 


indicating the number of blocks available 
for printing. S equals 0 means an empty 
buffer, S equals 2 is a full buffer. 

Complete details are found in listing \. 
Turn first to the last routine SCHREIB 
(in English, WRITE) which is the main 
program executed periodically. (Because 
of the previously mentioned referencing 
restriction, programs have to be read 
backwards.) SCHREIB at first checks if 
EINFLAG (ONFLAG) is set; if so, it starts 
the printing actions. This action starts by 
checking if S is larger than O. Only if this is 
the case is there a block in the buffer and 
the routine SBLOCK (WRITE BLOCK} is 
called. A blockcounter is maintained (BL). 
If it exceeds four, printing is stopped (PAGE 
FULL) unless the start switch is on. In this 
case the O 7 JE.. NUN does eight linefeeds 
(endless paper assumed). The other parts of 
the main program are less important, they 
mainly make sure that at the end of printing 
the head is in lower case because if left in 
upper case the machine cannot be manually 
switched into lower case. 

Now let us look at the routine SBLOCK 
(WRITE BLOCK). It prints 8 lines (0 7 
JE..NUN) by calling the routine SZEILE 
(WRITE LINE) and then updating the 
write buffer pointer SBP by 64. Also it 
checks for an emergency stop. The routine 
SZEILE (WRITE LINE) takes 64 characters 
at SBP and transports them into an auxiliary 
array CBA (>>> is an array transport in 
IPS). Then the auxiliary array is scanned in 
such a way that the pointer CHARP points 
at the last printing character. The loop 
index is supplied by I. Then TYPLINE is 
called. TYPLINE inserts a CR/LF after the 
last printing character and then uses the 
characters in the array CBA without the 
most significant bit (#7F AND) as index to 
table TI to find the Selectric code. If it is 
between #1F and #30 a special treatment 
is necessary by calling SONDERBEH, 
otherwise NORMALZEICHEN (NORMAL 
CHARACTER) is called. 

Let’s look at SONDERBEH (SPECIAL 
CHARACTERS). Some actions of the 
machine are not performed by the printing 
ball, but by special magnets (blank, for 
example). In my hardware, these codes have 
to be output to a different port. Some 
ASCII characters are not available on the 
printing ball. These are simulated by lwo 
other characters overwritten on each other. 
The auxiliary array is accordingly ma- 
nipulated. Both activities are done by 
SONDERBEH. The NORMALZEICHEN 
routine checks if the print ball is in the 
proper case position for the character to be 
printed. If not, it first executes a head 
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Figure 1; The temptation 
on the part of an interpre- 
ter writer is to implement 
direct execution as ff the 
interpreter were simulating 
some form of traditional 
machine. Thus in this ex- 
ample, the operation code 
for a CALL ta a subrou- 
tine is followed in the 
interpretive text by the 
address of the subroutine 
being called. This requires, 
for example, two entries 
in the string of interpre- 
tive text, 
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PSEUDO 
PROGRAM 
COUNTER 


| 


PSEUDO PSEUDO 
PROGRAM PROGRAM 
COUNTER COUNTER 
+1 AFTER 


CALL 


| | 


n+l n+2 +3 n+4 ats M 
INSTRUCTION] INSTRUCTION | CALL ADDRESS INSTRUCTION INSTRUCTION 
INSTRUCTION M N+5 


INVOKE “CALL” 


EXECUTABLE CODE | a 
OF INTERPRETERS CALL 
INSTRUCTION: 
PUSH PSEUDO-PROGRAM-COUNTER 
PSEUDO-PROGRAM-COUNTER:;: # 
CONTENTS OF MEMORY AT 
PSEUDO-PROGRAM-COUNTER +1 
RETURN TO INTERPRETER 


rotate action before printing. Each machine 
action is started by issuing the magnet code 
via H/TRANSMIT or L/TRANSMIT. These 
routines check the machine for “not busy” 
and then output the code to the magnets. 
The routine REMOVE does the opposite; 
if the machine acknowledges a code by 
“busy,” the magnets are deenergized. Thus 
the necessary handshaking is established. 

These interface routines are particularly 
noteworthy, because they are coded in 
assembler. IPS has an integral assembler; 
thus procedures dealing with special hard- 
ware or extremely time critical jobs can run 
al the maximum speed of the processor. This 
assembler also employs structured program- 
ming. The branch codes have been replaced 
by the Y? N: TH and BEGIN END 
mnemonics. The assembler, like the com- 
piler, uses the stack to keep track of the 
addresses to be inserted into the branches. 
The routine LIES finally serves to read in 
the cassette blocks. 

| hope this walk was not too tedious for 
you and was justified by giving you some 
insight into IPS programs and IPS-like 
languages. Let us have now a look at some 
selected topics regarding the implementation 
of IPS. These items maybe useful to you, if 
you want to tackle a similar project. 

As mentioned earlier, the stack keeps 
16 bit numbers. In addition to the normal 
operand stack, the design is simplified if 
there is a second stack, which is primarily 
used by the system to keep return addresses. 
This stack is available on a limited scale to 
the programmer as well. 

A very useful trick in such a system is 
the use of “indirect execution.” When 
implementing a simulated high level com- 
puler one is tempted to compile addresses of 
the appropriate code routines performing 
the instructions as shown in figure 1. This 


is a simple model of an “emulator” of 
some instruction set of a traditional 
computer. 

If pointers are compiled that point to 
a descriptor which includes another pointer 
to an actual executable code, then all com- 
piled instructions have the same format 
regardless of their nature (see figure 2}. 
Indirect execution not only saves memory, 
it also simplifies the compiler because it 
needs no more checking the semantics of the 
instruction to be compiled. Thus in figure 2, 
a subroutine reference reduces to a pointer 
to the descriptor which begins the inter- 
pretive code of the subroutine. Thus, it 
boils down to having a descriptor at the 
head of each routine, defining its nature. 
This also makes the language naturally 
extensible since new descriptors may be 
defined anytime, and it eliminates the 
distinction between application routines 
and the primitive routines constituting the 
language. 

In IPS the names along with the pointers 
to the pseudocode are kept in a hash table 
with a size for 512 entries. Experience shows 
that using this size ina 16 Ksystem, memory 
and table saturate at about the same time. 
| preferred the hash table over a linked list 
because the compilation process is much 
faster and enables transcompilations for 
machines having no interaction facilities 
like the computer running the typewriter 
on which | printed this manuscript. (Names 
are separated from the program.} 

Use of IPS in program development 
situations also requires the possibility of 
eliminating entries from memory. Generally 
a hash table would be unsatisfactory for this 
purpose. Nevertheless, since the program 
grows linearly in memory, the pointers to 
the routines in effect represent a secondary 
index by which the order of the entry and 
creation is available. Thus, pruning is no 
problem. 

Reverse Polish notation languages can be 
essentially syntax free and by indirect 
execuLion the compiler can compile virtually 
blind, that is, without knowledge of what is 
being compiled. This is not exactly true, 
though. In fact, there are four different 
sorts of entries regarding the action the 
compiler is expected to take. This 2 bit 
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information is kept in the name table. 

Normal entries execule in the inter- 
pretative mode and compile in the entry 
mode. See table 1 for the other modes. 
INT is used for variable definitions or for 
the colon to prevent definitions within 
definitions. PRIOR, on the other hand, is 
used for the JA? NEIN: DANN and the 
semicolon. These entries ure executed at 
compilation time to handle jump addresses 
on the stack or to reset the compile flag. 
At the beginning of compilation {:}, a special 
number is placed on the stack. At the end of 
compilation (;}, this number is checked. If 
it is wrong there has been a structuring error 
(such as DANN following a JA?) forgotten 
and the entry is rejected. 

At this point | would like fo point out 
that much of the readability of structured 
programs seems to come from a geometrical 
representation of the source text as exempli- 
fied by the indented writing. Hardly any 


language software analyzes this geometry, 
though, and it is in effect redundant to the 
semantics of statements. 

There is another useful technique which 
| call “pseudointerrupts.”” On a stack com- 
puter programs are naturally reentrant; and 
recursive programming is possible. Thus, the 
inner interpreter can be designed to accept 
“interrupts” between actions specified by 
interpretive code. These interrupts interrupt 
a stack oriented computer simulated by the 
interpreter, so no state saving operations 
are necessary (except for the pseudoprogram 
counter, of course.) Machine interrupts may 
also be implemented independently when 
required. The 20 ms clock input assumed 
by IPS forces such a pseudointerrupt to keep 
lime in a normal clock and to service four 
“stopwatches.’' 

Engineering problems usually require a 
few programs running independently of each 
other. | solved this problem by providing 


n n+} nee n¢+3 n+3 n¢+4 
DESCRIPTOR | GESCRIPTOR | DESCRIPTOR DESCRIPTOR DESCRIPTOR DESCRIPTOR 
POINTER POINTER POINTER SUBROUTINE x| POINTER DUP" 


M+ M+2 
DESCRIPTOR FOR SCBROU TINE. entry | DESCRIPTOR | DESCRIPTOR 


EXECUTABLE LOW LEVEL CODE OF 
INTERPRETER SUBROUTINE ENTRY PROCEDURE: 
PUSH PSEUDO-PROGRAM-COUNTER 
PSEUDO-PROGRAM-COUNTER: = M+! 
RETURN TO INTERPRETER 


"RETURN" 


DESCRIPTOR FOR 


IPS PRIMITIVE 


DESCRIPTOR FOR 
“OUP” 
IPS PRIMITIVE 


POINTER TO 
"pup" 
PROCEDURE 
Mee 


DESCRIPTOR 
POINTER 
“RETURN” 


EXECUTABLE LOW LEVEL 
CODE OF INTERPRETER 
"OUP" PRIMITIVE 


POINTER TO 
“RETURN” 
PROCEDURE 


EXECUTABLE LOW LEVEL CODE OF 
INTERPRETER “RETURN” PRIMITIVE 
POP PSEVIDO-PROGRAM-COUNTER 
RETURN TO INTERPRETER 


Figure 2: Ifa 2 level indirect form of interpretive execution is defined, then simplicity is achieved by making every token in the 
text of a user program a pointer reference to a descriptor of the operation. The descriptor in turn contains information such as 
the pointer to a low level routine to be executed upon reference to the descriptor during interpretation. Thus, a subroutine cail 
which required two interpretive text entries in figure } is replaced by a simple pointer reference to the subroutine's descriptor, 
This descriptor in turn contains a reference to the low ievel interpreter routine which saves the program counter on the sub- 
routine stack, then points to the first entry of the subroutine s interpretive text before resumption of interpretation. For simple 
built-in primitives of the language, the descriptor simply points to the low level executable routine of that primitive 5 operation, 
as Shown for example in the case of RETURN and DUP. Note that the interpreter increments the pseudo program counter after 


each interpretation cycle. 
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a chain, that is, an array of programs exe- 
cuted in a cyclic fashion. Initially, this 
chain is only occupied by the compiler, 
while the other positions contain null entries. 
Programs may put other programs into this 
chain, or programs may remove themselves 
or other programs from this chain. It turns 
out that by this method, very general multi- 
programming is possible without needing 
Separate stacks for each chain member. 
The act of scheduling or descheduling a 
real time process is implemented by this 
chaining technique. Apart from the “chain 
in” and “chain out’ operators two other 
operators are necessary. A suspend and a 
resume operator are provided to be able to 
wait for internal or external events be- 
fore a program's execution is continued. 
Amazingly, the four chain operators eliminate 
the necessity of a centralized operating sys- 
tem without imposing unduc restrictions. 

Presently at AMSAT we have IPS versions 
for the RCA COSMAC and the 8080, and 
a 6502 version is in preparation. Also, there 
exists a special version for the COSMAC 
aboard the AMSAT satellite, performing all 
interactions by radio link. Except for the 
last they occupy a little less than 6 K bytes 
of memory, having everything resident 


compiler-moda 
interpreting compiling 


entry-type 


l) 
L] 
l . 
Normal (:) execute | compile 
iNT execute | error action 
PRIOR errar action į execute 
HPRI execute 1 execute 
Note: error action marks input-word with ques- 
tion mark and stops further pracessing of 
input. 


including the text editor. The radio version 
is slightly smaller. 

In mid 1976 the first IPS version was up 
and running. Since then | have done some 
fine tuning as a result of feedback from 
some ten scientific projects using IPS within 
the University of Marburg. If you feel that 
IPS could be useful to you or if you have 
some comments or suggestions, please 
do write me. 

(The original paper which discusses such 
a machine interpreter is: “FORTH, a New 
Way to Program a Minicomputer,” by C H 
Moore, Astron Astrophys Suppl 15, 497- 
511, 1974. In the years since the first 
FORTH paper, FORTH has become a 
registered trademark of Mr Moore’s con- 
sulting firm FORTH Inc.)™ 


Table 7: The modes of IPS 
operation {interpreting or 
compiling) and the action 
the compiler takes de- 
pending on the type of 
entry found. Normal refers 
to standard modules f), 
variables and constants. 


HERE IS THE LATEST AND BEST IN 
8080/Z80 DISK SOFTWARE 


CP/M ™ FDOS and Utilities 
Microsoft FORTRAN-80 
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From $145 Xitan Package A3+ 
Micro Focus CIS COBOL 


SOURCE Disk Based Disassembler 


Microsoft Disk Extended BASIC 

Microsofi MACRO-80 MACRO Assembler/Linking Loader 
Microsoft MACRO-80 (as above) w Subroutine Library 
Microsoft EDIT-80 Line Editor 

Xitan SUPER BASIC {A3) 

Xitan DISK BASIC (A3-+} 

Xitan Z-TEL Text Editor (A3. A3+}) 

Xitan Text Output Processor {A3, A3+}) 

Xitan Macro ASSEMBLER A3. A3+) 

Xitan Z°BUG . {A3+} 

Xian LINKER {A3+) 

Xian Package A3 (as keyed above) 


ZASM Zilog™ Mnemonic Assembler 
XY BASIC Process Control Language 
SMAL-80 Structured Macro Assembler Language 
CBASIC Compiler/Interpreter BASIC 
MAC Macro Assembler 

SID Symbolic Instruction Debugger 
TEX Text Formatter 

General Ledger 

Accounts Receivable 

NAD Name & Address Processor 
QSORT Disk File Sort/Merge Utility 


Most software available in a variety of diskette formats including: IBM 8” single and double 
density; North Star CP/M: Micropolis CP/M; and 5” soft sectored. All Lifeboat software 
requires CP/M to operate. 


Watch for the December 1978 release of the above software on Processor Tech Helios If; 


Altair Disk; and iCOM Micradisk systems. 
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Clubs asad 


Newsletiers 


Attention: Canadian Readers 


We have heard from the West Coast 
Computer Society (POB 4476, Vancouver 
BC, Canada V6B 328) regarding their 
club's meeting schedule. They meet the 
first Wednesday of every month at 8 PM, 
room 126 at BCIT, which is located in 
Burnaby, British Columbia. 


TRS-80 Monthiy Newsletter 


The purpose of the TRS-80 Monthly 
Newsletter is to provide and exchange 
infarmation related to the Radio Shack 
TRS-80 computer system. This 68 page 
newsletter contains programs related to 
business, personal finance, money man- 
agement, practical applications, statis- 
tics, mathematics, gambling and games. 
Every month one major program {such 
as a complete personal finance package 
or a comolete income tax program — 


IN STOCK AT “A 


WE OFFER: 


short and long form) will be published. 
Subscriptions are $24 by first class mail 
($40 outside of the US and Canada, air 
mail}. Contact Mathematical Applica- 
tions Service, POB 149, New City NY 
10956. 


independent Ohio Scientific 
Users Group Formed 


Owners, prospective users, OEMs and 
dealers of Ohio Scientific computers can 
share information, applications and 
software through an independent users 
group formed by the Newton Software 
Exchange, POB 518, Newton Center MA 
02158. The Exchange was created Lo aid 
in the translation of microcomputer 
applicalions and systems programming 
from the sophisticated user and pro- 
grammer Lo the naive user and operator. 
They are oriented and willing to work 
with programmers and OEMs who have 
good ideas and programs, but have 
difficulty expressing themselves to rela- 
tively unsophisticated end users. The 
GSI users group will encompass the full 
range of OSI products with special 
attention to ihe Challenger series. 
Annual dues are $5 and include a month- 
ly newsletter. 


SEEN EVERYWHERE: 


ELECTRONICS 
1570 Third Avenue 
New York, NY 10028 
212 427-4940 


® Shipment within 24 hours on almost any item 
® Frequent bulletins with special prices 
è Latest catalogs and manufacturer's price lists 


Rhode Island Computer Club 


RICH is a computer club in Rhode 
Island that will be meeting an the fol- 
lowing dates: March 20, Apri! 17 and 
May 15 1979, from 7 to 10 PM at 
Jabour’s Electronic City, 345 Fountain 
S1, Pawtucket RI. For more information, 
write POB 599, Bristol RI 02809 or 
call (401) 253-5450. 


User Notes for 6502 Owners 


KIM-1/6502 User Notes is getting a 
facelift and will now be called User 
Notes: 6502. tt will continue as a bi- 
monthly publication but will be ex- 
panded to 24 pages. In addition to the 
KIM, the Notes will support VIM and 
AIM systems as well as others. The new 
subscription rates will be $13 for six 
double issues mailed first class and to 
Canada and $19 for six double issucs 
air mailed overseas. The new address is 
POB 33093, N Royalton OH 44133. 


PACS Publishes Data Bus 


The Data Bus is the monthly publica- 
tian of the Philadelphia Area Computer 
Society (PACS). Its 16 pages contain a 
variety of information, including regular 
features such as meeting news, PET 
shop, editorial, classified and such 
articles as "Computers for Kids and 
“Software/Courseware Exchange for 
UCSD Pascal.” This organization was 
farmed for the purpose of education and 
intercommunication of computer users 
in the greater Philadelphia area and lo 
inform the general public about com- 
puter technology and its implications 
for the future. Dues are $10 per year 
for regular membership and $5 per 
year for students. Both memberships 
include a subscription to The Data Bus 
and participation in group purchase 
programs and club projects, as well as 
borrowing privileges in the society's 
software and literature libraries. PACS 
mectings are held in the LaSalle College 
science building. For more information, 
call the club’s hotline at (215) 925-5264. 


New York Amateur Computer Club 


The New York Amateur Computer 
Club, which just celebrated its third 
birthday, is an organization formed to 
promote the free exchange of informa- 
tion about computers for personal use 
and to encourage fellowship among 
those interested in computing. General 
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Microcomputer Owner's Society 


Jim Brown of Elyria OH has noti- 
fied us ol the formation of the Micro- 
computer Owner's Society. They meet 
every fourth Sunday at | PAL For more 
specific information, contact Jim Brown, 
POB 474, Elyria OH 44035. 


Compucolor-Intecalor Users Group 


The Campucoler-Intecolor Users 
Group has announced that it will start 
making programs available 10 members 
without the donation of 2 program. Club 
members may now order programs from 
the club's library of over 300 programs 
for as little as $2 each, plus a disk and 
handling charge of $20 for the first 
disk and $15 for each subsequent disk or- 
dered at the same time. Those donating 
an acceplable program will receive five 
or six programs back at no charge. Mem- 
bership to ihe group is $25 or $10 with 
the submission of an acceptable article 
for publication in the group's bulletin 
or a program to the library. Those wish- 
ing to jain should write to Compucalor- 
Intecolor Users Group, 5250 Van Nuys 
Blvd, Yan Nuys CA 91401. 


Tulsa Computer Society Sponsors 
Apple User Group 


The Tulsa Computer Saciety (TCS) 
meets Ihe last Tuesday of every month 
at 7:30 PM. The meeting place is ihe 
Tulsa ¥ocational-Technical School sem- 
inar room at 3420 E Memorial Dr. 
The Apple User Group meets the second 
Tuesday of the month at High Tech- 
nology of Tulsa, All users of Apple Il 
computers and interested individuals 
are invited to attend. Membership in 
TCS is $6 annually and includes a | year 
subscription to their newsletter, The F/O 
Port. Address all correspondence to The 
Tulsa Computer Society, POB 1133, 
Tulsa OK 74101. 


Attention: Rochester NY Computerists 


According to the most recent edition 
of Memory Pages, the official magazine 
of the Rochester Area Microcomputer 
Society {RAMS}, the club is into its 
third year and has over 150 members 
with diverse backgrounds in the field of 
computing. RAMS is the local focus of 
personal computing in the Rochester 
area, as evidenced by the ACM and IEEE 
joining them for joint meetings on per- 
sonal computing, It is the club's aim to 
provide ils members with exposure to 
ideas and contact with individuals with 
similar interests. If you are interested, 
attend one of their meetings on the 
second Thursday of each month at 
7:30 PM in room 1030, Gleason Building 
{#7 Engineering), Rochester Institute 
of Technology, Rochester NY. The 
address for RAMS js POB D, Rochester 
NY 14609. m 
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ional dh bameg Boards, -~ 
GIANT BOARD™ b Klages Bord. 


Stop reading abouT computers and pel your hands on one! With 
ELF tl and our new Short Course by Tom Pillman, you can 
Masler computers in po time at all! ELF 1 demonstrates all 91 
commands an RCA 1802 can exceute and the Sheer Curse 
quickly Leaches you how ta use each of the 1802's capubilities. 

ELF U's video output Jets you display an alphanumeric 
readout or graphics on any TY sereen or video monitor plus 
enjoy the latest video games, including an exciling new 
target missile gun game that was specifically developed for 


Bul that’s not all, Once you've mastered computer funda- 
mentals, ELF Il can give you POWER with add-ons [hat are 
among Ihe most advanced found unywhere. No wonder IEEE 
chaplers plus hundreds of universilies and major corporations 
have chosen the ELF IH to introduce their students and per- 
sonnel lo microprocessor compuling! 


Learn The Skill That May Soon Bea Far 

Mare Important Than Your College Degree! 
The ability lo use a computer may soon be more important lo 
your carning power than a college degree. Wilhout a knowl- 
edge of computers, you are always al the mercy of others when 
it comes to solving highly complex business, engineering, in- 
dustrial and scientific problems. People who understand com- 
puters can command MONEY and to gel in on the uction, you 
must ara computers, Ouherwise youll be left behind, 


ELF lila The F-A-S-T Way To Learn 
Computer Fundamentals! 
Regardless of how minimal your computer background is now, 
you can learn to program a camputer in almost no dime at all. 
That's because Netronics ias developed a special Sheri 
Course on Microprocessor And Computer Programming in 
non-technical language thal lends you through every one of the 
RCA COSMAC 1802's capubilities so you'll understand 
everyting ELF U cando.. cad dew te eet ELE H tu de at! 
All 91 commands that an 1802 can execule are explained to 
ou, slep-by-slep. The text, writen for Nelronics by Tom 
Hliman, is a tremendous advance over every other program- 
ming book in print. f , 

Keyed specifically to the ELF tl, it’s loaded with “hands 
on” illustrations. When you're finished, ELF I and the 1802 
wil no longer hold any mysteries to you. 

In fact. nol only will you be able to use a personal computer 
creatively, you'll alsa be able ta read magazines such us 
BYTE...INTERFACE AGE...POPULAR ELEC- 
TRONICS and PERSONAL COMPUTING and sader- 
stand the articles. 

If you work with lame computers, ELF L and our shart 
Course will help you to understand what makes them tick. 


A Dynamite Package For Just $99.95! 


With ELF U1, you learn to use machine language — the funda- 
mental language of all computers. Higher level languages such 


HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 


Write and run machine language programs at home, display video 
graphics on your TV set and design microprocessor circults—the 
very first night—even if you've never used a computer before! 


ELF [I featuring RCA COSMAC 
"erein COMPUTER 599° 


as FORTRAN and BASIC must be [ranslaled into machine 
language before a computer can understand them. With ELF 
Il you build a solid foundation in computers so you'll really 
know whal you're doing, no malter how complicated things 


t. 

Video oulput also makes ELF L unique among computers 
selling for such a low price. Attached to your T¥ set, ELF 1 
becomes a fabulous home entertainment center, It's capable of 
providing endless hours ef fun for both adults and children of 
all ages! ELF IL can create graphics, alphanumeric displays 
and fantastic video games, 

No additional hardware is required to connect ELF IH to 
your T’¥’s video input. Ifyou prefer to connect ELF L1 to your 
antenna terminals instead, simply use alow cost RF modulator 
ito order one, see coupon below). 

ELF I's §-card expansion bus (connectors nol included} 
allows you to expand ELF N as your needs for power grows. If 
you're an engineer or hobbiest, you can also use ELF I1 asa 
counter, alarm, lock, thermostat. timer or telephone dialer, or 
for countless other applications. 


ELF II Exptodes Into A Glant! 

Thanks lo ongoing work by RCA and Netronics, ELF 1! 
add-ons are among the most advanced anywhere. Plug in the 
GIANT BOARD" and you can record and play back programs, 
edit and debug programs. communicate with remole devices 
and make things happen in the cutside werld. Add Kluge Board 
lo get ELF U to solve special problems such as operating a 
more complex alarm system or coniretling a printing press. 
Add dk RAM board and jou can wrile longer programs, store 
more information and solve more sophisticated problems. 

Expanded, ELF I) is perfect for engineering, business, 
industrial, scientific and personal finance applications. No 
other small computer anywhere near ELF [1's low price is 
backed by such an extensive research and development pro- 


gram. 

The ELF-BUG™ Monitor is un extremely receal break- 
through that lets you debug programs with lightening speed 
because the key to debugging is to know what's inside the 
registers of the microprocessor and, instead of siagle stepping 
through your program, the ELF-BUG™ Monitor, ulilizing 
break points, tets you display the entire contents of Ihe regis- 
ters on your TY screen at any point in your program, You find 
oul immediately what's going on ard can make any necessary 
changes. progammin is further simplified by displaying 24 
bytes of RAM with full address. blinking cursor and auta 
scrolling. A must for sericus programmers! 

Netrenics will soon be introducing the ELF II Color 
Graphics & Musie System—more breakthroughs that ELF [1 
owners will be the first to enjoy! 


Now BASIC Maksa Programming ELF |} Even Easier! 
Like all computers, ELF JI understands only “machine 
language" —the language computers use Lo talk to each other. 
But, to make life easier for you, we've developed an ELF U 
Tiny BASEC. It talks to ELF U in machine language for you so 
thal you can program ELF I with simple words that can be 
typed oul ona keyboard such as PRINT, RUN and LOAD. 


“Ask Now What Your Computer Can Do... 
But What Cen it Do For YOU!" 
Don't be trapped imo buying a dinosaur simply because you 
can afford il and it’s big. ELF 11 is more useful and more fun 
than “big name” computers that cosl a lot more money. 

With ELF LI, you learn to write and run your own programs. 
You're never reduced to being a mere keypurch operator, 
working blindly with someone else's predeveleped software. 

No matter what your specialty is, owning a computer which 
you really know how to use is sure to make you a leader. ELF 

| is the fastest way there is to gel into computers. Order from 
the coupon below! 


NOW AVAILABLE FOR ELF H— 


there is to know about ELF 11 ar any 


alike. $5.00 postpaid! 


$2.50 p&h. 
O ELF H connects te the video inpul 


Modulator, $3.95 postpaid. 


$39.95 plus $2 p&h. 
Cl Kluge (Prototype) Board accepts up = p&h. 
to 16 IC's. $17.00 plus $I p&h, 


any 4k page to 64k, $49.95 plus $3 péh, contents af al 
O Geld plated 8&pin conmectars (une 


postpaid. 
with 124 ASCII upper/lower case set, 


lator, parity, logic selection and choice 


almost any computer. $64.95 plus $2 mare! 


pach. Call or write for wired prices! 


O Tom Pittman‘s Sheri Course On Mi- Keyboard, $19.95 plus $2.50 p&h. 
croprocessor & Computer Programm- O ELF 11 Tiny BASIC on cassette | New Milford, CT 06776 (203) 354-9375 | 
ing teaches you jusl aboul everything tape. Commands, include SAVE. Yast | want to tun programs al home and 
RCA 1#02 computer. Written in non- LET, IFITHEN. INPUT, PRINT, have enclosed: C „$98.45 plus $3 ir H l 
technical language. it's a learning GO TO, GO SUB, RETURN, END, 0 , 
breakthrough for engineers and laymen REM, CLEAR, LIST, RUN, PLOT, 
PEEK, POKE. Comes fully docu- 
D Deluxe metal cabine wilh plexiglas mented and includes alphanumeric 
: E z s peneralor required ta display al- 
esac, fur ELP IL, $25.95 plus E anumerie characters directly on your O I want mina wired and tested wilh 
TY screen without additional hard- | power supply, ACA 1802 User's Manual 


of your TY set. If vou prefer ta use ware. Alsa plays tick-tack-toe plus a 
your antenna terminals. order RE drawing game that uses ELF (I's hex ] Alus $39 

heybourd as a joystick. 4k memory re- | O | am also enclosing payment (nduding 
O GIANT BOARD™ kit with cassette aired. $14.95 postpaid. postage & handling} for the items chacked 
UO, RS 232-C/TTY VO, 8-bi P VO, O Tom Pittman’s Short Course on Tiny | al te left. 
decoders for 14 separale I/O instruc. BASIC for ELF IL, $3 postpaid. : 
tions and a system monitorfeditor, O Expansion Power Supply (required | $——W_— — O Cheek here il 
when adding 4k RAM). $34.95 plus $2 | you are enclosing Money Order or Cashier's 


O ELE-BUG™ Deluxe System Monitor | USE YOUR O VIŠA O Master Charge 
D 4k Static RAM kit, Addressable to On cassetle tape, Allows displaying the | (biterbank # 
registers on your TY at | Account # 
any point in your prograin. Also dis- 
č Xl i ; plays 24 bytes of memory with full ad- 
reguared for cach plug-in boardi. $5.70 dresses. blinking cursor and auto seroll- PHONE OADERS ACCEPTED (203) 454-1375 
ceiver: — | ing. A musi for ihe serigus program | Print 
O Professional ASCH Keykoard kil mer! $14.95 postpaid. Name 
36 printuble chi ters. i opu- Coming Soon: A-D, D-A Converter, 
printuble characters, onboard regu Light Pen. Coniroller Board. Color Address 
of 4 handshaking signals to mate with Graphies & Music System...and City 


DO Deluxe metal cabinet for ASCIL | Netronics R&D Lid., Dept. 0000 


433 Litchfield Road, Phone | 


oo 


$4.95 for power suppl requiee | 
$5 tor RCA 1802 User's Manual, O 

tor Short Course on Microprocessor & 
Computer Programming. 


nd Short Couren Included for jel $149.95 


Total Enclosed (Gonn. res. add tax) 


hack Lo expedite shipment. 


Signature... SS Exp. Date 
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State Zip 
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Problem: Dust, Smoke, 
and Warpage will Ruin 
Your Floppy Disks. 


BYTES Bits 


Attention: ACM Members and 
Students of Computing History 


The editors and editorial board of 
the Annals of the History of Computing 
are currently soliciting articles for this 
new quarterly perlodical. The Annais 
will be published beginning in July 1979 
by the American Federation of Infor- 
mation Processing Societies Inc (AFIPS). 
The publication will focus on the history 
of computing by including contributions 
from individuals who participated in, or 
witnessed, the events and decisions 
which have shaped the present com- 
puting environment. 

In addition to formal articles, indi- 
viduals are invited to submit short 
anecdotes or personal recollections, 
commentaries on collections of private 
letters considered historically relevant, 
descriptions of current historical pro- 
jects, articles on the influence of societal 
factors on the development of com- 
puting, reports of significant successes 
and failures in the computing field, and 
annotated bibliographies of relevant 


publications. Coverage will center on 
events and developments that occurred 
at Jeast 15 years prior to the date of 
publication. 

Prospective authors interested in sub- 
mitting articles should send five capies 
of their contributions to Bernard A 
Galler, editor in chief, Annals of the 
History of Computing, University of 
Michigan, College of Literature, Science 
and the Arts, 2522 LSA Building, 
Ann Arbor M1 48109, Articles should be 
between 5000 and 10,000 words. 
Longer articles may be considered for 
publication in two or more parts. All 
contributions should be typed, and 
diagrams should be carefully drawn 
and fully labelled. Glossy photographs 
may be included. All cited references 
are to appear at the end of the paper 
under the heading “Notes.” The notes 
should be typed, numbered consecu- 
tively, and consist mainly of citations. 
All words to be italicized should be 
undertined, 

All articles should be accompanied 
by a brief biographical sketch of 


Health Insurance 
for Your Floppies! 


Solution: The Fiex 80 
System will Protect, Index, 
and File Your Floppy Disks 


Quickly and Easily. 


For Furihar SDE ON 


anda 
Free Copy of Our “Policy” 


CALL TOLL FREE 
800 323-0254 


ADVANCE ACCESS GROUP 
N N 10526 W. Cermak Westchester, IL 60153 312 562-5210 
“Manufacturers of Information Processing Supplies” 
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approximately 50 wards, an abstract 
of approximately 100 words, and a 
listing of appropriate Computing 
Reviews categories m 


TRS-80 Memory Expansion 


Owners of Radic Shack TRS-805, 
take note: if you are upgrading from 
4 K to 16 K of user memory and have 
the work done at a Radio Shack repair 
center, you should ask that the old 4 K 
memory integrated circuits be returned 
to you, after the new 16 K memory 
devices are installed, There is no addi- 
tional charge, but in most cases you 
don't get the old memories back unless 
you ask, 

Those owners of TRS-80 systems 
who buy 16 K memory kits from sources 
other than Radio Shack should be aware 
of this precaution. It js likely that Radio 
Shack repair centers will charge more for 
repairs to TRS-80s that have been modi- 
fied by the user than for repairs to 
machines untouched internally except 
by the hands of the technicians at said 
repair centers.@ 


Speakers Invited to Computing Festival 


The Personal Computing Festival of 
the 1979 National Computer Conference 
will be at the Americana Hotel in New 
York City, June 5 through 7. The Festi- 
val will include three days of programs 
and special activities on all aspects of 
personal computing, with emphasis on 
the applications people have for their 
own computers. Individuals interested in 
presenting a paper, giving a talk, organ- 
izing a panel, or delivering a tutorial 
should send a letter of intent as soon as 
possible, but no later than February 1 
1979, to Jay P Lucas, 3409 Saylor Pl, 
Alexandria VA 22304, The letter of 
intent should include an abstract and a 
brief biography. Papers presented during 
the festival program will be published. 
Potential authors will be mailed a 
festival author's kit, which contains 
instructions and necessary materials 
for preparing papers in camera ready 
format. Papers submitted for consider- 
ation must be received by March 15 
1979, in the specified camera ready 
format. Papers will be reviewed and 
authors will be notified by May 1 1979 
regarding acceptance. Session leaders 
should submit a brief abstract describing 
either the scope of the proposed session 
or the tentative title of the presentation 
by February 1 1979. The prospective 
organizer should submit a list of pro- 
posed participants, their affiliations, and 
a brief biography of each. E 


On the Eight Queens Problem 


When Terry Smith bypassed the 
permutations of digits methed of 
“Solving the Eight Queens Problem" 
{October 1978 BYTE, page 122} be- 
cause calculating the permutations of the 


PET SCHEMATICS 
Anothar First From “PET-SHACK”. 
For only $24.95 you get: 


24" x 30" schamatic of the CFU board, plus oversized 
schematics ot the Video Monitor end Tape Recorder, piut 
completa Parts Laryout—all Accurately and Painstakingly 
drawn to the Minutest detail. 


SURPLUS ELECTRONICS COMPUTER MART 
of NEW HAMPSHIRE, Inc. 


* SPECIALIZING IN BUSINESS Æ 
AND PERSONAL COMPUTERS 


Featuring: 


PET ROM ROUTINES 
Another Breakthrough From “PET-SHACK”. 


Complete Assembly Listings of all 7 ROMs, plus ideami- 
fied subroutine entry points; Video Monitor, Keyboard 
Routine, Tepe Acord end Playback Aoutins, Real Tima 


IBM SELECTRIC DATA GENERAL microNOVA® 


BASED I/O TERMINAL 
WITH ASCII CONVERSION XITAN GENERAL 


INSTALLED $645.00 APPLE II 


Clock, ate. 


To entice you wo ate elito including our own Machine 

Language Monitor program for your PET using the key- 

boerd and video displey. Ail this for only $19.95, 
SATISFACTION GUARANTEED. 


You can have the Monitor program on cassette for only 
$9.95 axira. 


Send check, money order, or Master Charge or VISA 
number and expiration date to: 
PET-SHACK Software House 
Marketing and Research Co. 
P. O. Box 966 
Mishawaka, IN 46544 


@ Tape Orives æ Cabie $-100 Bus Products 

@ Cassetta Drives æ Wire SOFTWARE currently available: 

a Power Supplies 12V15A, 12V254, 

5V95A Others, @ Displays AR, GL, AP, Inv., Payrall, 

è Cabinets è XFMRS o Heat Ward Processing, and Dental 

Sinks a Printers @ Components Office Manager. 

Many ather items 

Write for free catalog 

WORLDWIDE ELECT. INC. i 

T30 NORTHEASTERN BLVD. 170 Main Street 

NASHUA, N.H. 03060 Nashua, NH 03060 

Phone ordars accepted using VISA 603/883-2386 
or MC, Toll Fres 1-800-258-1036 

ln N.H. 603-889.7661 muroNOVAC na requicred 


trademark of Data Geneeal Corp 
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0.S.1. 


OHIO SCIENTIFIC 
“r COMPUTERS 


SALES & SERVICE 


Business /Home/Hobby 
Hardware & Software 
— SEE0O.S.1. NOW! —- 
METRO D.C.AREA & MARYLAND 
The Math Box, Inc. 

(301) 933-6555 
CENTRAL VIRGINIA AREA 
H/B Computers, nc. 
(804)295-1975 


CANADIANS SAVE 3 to 13% 


SALE PRICE 
IMSAT BOSD W722 SLOTS Foto 


j 1GK APPLE ti s $1050 
Announcin g SHUGGART MODEL #00 $650 $595 


HAMILTON LOGIC SIMILAR DISCOUNTS ON: 


IMSAT 4K, IGK, J2K RAM, MID ete. 
, POL YMORPHICS VIDEN 
SYSTEMS DYNABYTE (SK [ASM] HAM 
HAZEL TINE 1400, 1500, 1510 
NOVATION ACOUSTIC COUPLERS 
S . li . i | . IAS Ox (ASM) RAM 
PROCESSOR APPLICATIONS OMA FLOPPY 
pecializing In logic DISC CONTROLLER (ASM? 
. . TARBELL FLOPPY DISC CONTROLLER 
devices , Microprocessors, TARBELL CASSETTE INTERFACE 
SHUGAAT GS! MODEL 110 
PICKLES AND TROUT MOD FOR HITACH TV 
memorys, TTL, Cmos, Att Sw7e PRODUCTS 
e tc MODEL 43 TELERRINTER lOc TOBERI 
. ADM JA TERMINA 
SOROC 10120 TERMINAL 
TELETYPE MODEL 40 300 LNF 
CENTRONICS PRINTER 
Send for your catalogue REPAIAS IN-HOUSE AT LOW COST 
CUSTOM SOFTWARE & FIRMWARE 
Box 7 


STONEY CREEK THE COMPUTER STOP 


16919A Hawthorne Sled 


ONTAR IO L 8G 3x7 Lawndala CA 90260 +1 30 to 6 OO Tie Sat 


{233} 371-4010 Closed Sunday: Monday 
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NORTH STAR PASCAL $2995 
PAYROLL PACKAGE 


: Salary, hourly or commission 

Any number of pay periods per 
year 
Hash coding allows faster file 


accessing f 
© Multipte companies on one disk °. er edt tloppy (8°) & disk cont 
= New lax rates are easily entered kit (5-100) ` 
as data statements + Add On Floppy Drives 
~ Simple to use - minimum oper- 
ators response 
c Selective printouts for employee 
information i.e. last pay, MTD, ® Miscellaneous 
QTD, YTD, addresses, W-2, elc... CP/M Operating System/Manuals... $89 
o 8" Memorex Diskettes 
Unconditionally guaranteed. Can be (IBM COMPS aoaaa $3.50 
returned for refund if not satisfied. 8” Verbatim Diskettes 
North Star disk — $75.00 at Dekate IES $236 
16k RAM chips 
Potter's Programs pwr Supply cabinet (mini flopoy)... 879 
25 


22444 Lakeland Pwr Supply cabinet (lloppy) 


St. Clair Shores, MI 48081 
(343) 573-8000 Ci COMPUTER INTERFACE TECHNOLOGY 


Pacipheral Products Divition 
2080 South Grand, Grand Centre, Santa ana, CA 92705 


ACCELEWRITER DOUBLES 
DEC WAITER SPEED 


The ACCELEWRITER doubles the 
LA3B Decwriter’s speed fram 30 to 60 
CPS. The ACCELEWRITER is a small 
molded module which plugs into the 
printer's logic board. 

The ACCELEWRITER enables the 
Decwriter to print at its “catch-up 
speed of 60 CPS all of the time. You 
must be able to program [ill characters 
inio the data stream after carriage te- 
turns. 

Easy installation and easy recon- 
version, if ever desired. Compatible with 
standard Decwriter option boards. Full 
one-year warranty. Only $95.00. 


MONTHLY SPECIALS ` 


Please write or phone. 
(Wino residents acid 5% sales tax. 


Available NOW fram 


LARKS ELECTRONICS & DATA 
P. O. Box 22 
Skokie, Ilinois 60077 
(312) 677-6080 
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™ Rothenberg 


INTEGRATED 
FINANCIAL 
SYSTEM 


under. 


CP/M* 


GENERAL LEDGER 
ACCOUNTS RECEIVABLE 
ACCOUNTS PAYABLE 


PAYROLL 
INVENTORY CONTROL 


Easy to use, self-guided. 
You don't have to be a CPA! 


Price: $500 each 
Complete manuals: $8 each 


immediate Delivery 
Requires only 32K system 


Requires CBASIC** 
Prepaid or COD only 
Send CP/M serial # with each order 


Also available: 
Complete Legal Billing System 
Only $1995. Manual $8. 


Rothenbde 


INFORMATION SYSTEMS, INC. 


260 Sheridan Avenue 
Palo Alte, CA 94306 
(415} 324-8850 


*CP/M is a trademark of Digitat Research 
*Add $100 if CBASIC is also needed 
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digits from 1 to 8 seemed too difficult, 
| took it as an interesting problem in 
itself. At first | doubted that BASIC 
was Fast enough, but as it turned out | 
received a permutation every second or 
so using Micropolis BASIC on a SOL 20. 
That encouraged me to complete the 
eight Queens problem. 

My first solution appeared in less 
than a minute and a half. That's a lot 
faster than the 20 minutes Terry Smith 
waited! The last of the 92 solutions 
came out 27 minutes from the start of 
the run. 


Listing f: 


The line numbers in listing 1 which 
are multiples of 10 are the permutation 
program. The rest were added to screen 
out the diagonal attacks. The AND or 
OR operators operate on each bit 
independently, as in machine cade, 

Thanks for an interesting couple cf 
hours. 

Also, | am following the Pascal 
articles and may implement the current 
series, although it's too bad the data 
types could not be implemented. | also 
wish | had some idea of their speed. 


Richard Greenlaw 
241 Colony Ct 
Gahanna OH 43230 


10 REM PROGRAM TO CALCULATE CHESS BOARD POSITIONS FOR 8 QUEENS 


12 REM WITH NO ATTACKS ANYWHERE, 
15 REM BY RICHARD GREENLAW 10/7/78 


20 REM TESTS PERMUTATION METHOD MENTIGNED BUT NOT USED BY 


22 REM TERRY SMITH IN 10/78 BYTE 


28 REM D VARIABLES ARE VERTICAL POSITIONS IN EACH COLUMN 
30 REM F VARIABLES ARE FLAGS REPRESENTING THE DIGIT USEC 
32 REM U VARIABLES COMBINE FLAGS FOR ALL DIGITS USED 50 FAR 


100 FOR D121 708 

110 U1=2101 

120 FOR D2=1 T08 

130 F2=21 D2 

140 IF (F2 AND U1i<>0 THEN 970 

145 IF D2=01+1 OR D2=D1-1 THEN 970 
150 uU2=F2 OR U1 

160 FOR D3=1 TO 8 

170 F3=21D3 


180 IF [F3 AND U2}<>0 THEN 960 

186 IF D3=02+1 OR O3=-D2-1 OR D3=D1+2 OR O3-D1-2 THEN 960 

190 U3+F3 OR U2 

200 FOR D4=1 TG 8 

210 F4-2?1D4 

220 IF (F4 AND Udi<>6 THEN 950 

225 IF D45D3+1 OR D4-03-1 OR B4-024+2 OR DO4-D2-2 THEN 950 

226 IF D4=01+3 OR D4=D1—-3 THEN 950 

230 U4-F4 OR U3 

2740 FOR D5+1 TO B 

250 F5=21 pS 

260 IF (F5 AND U4)<>0 THEN 940 

262 IF D5=D4+1 OR O8=D4—-1 OR 08=03+2 OR D5=03-2 THEN 940 
264 IF 05=02+3 OR 05=D7—-3 OR O5=D14+4 OR D5=b1—-4 THEN 940 
270 U5=FS OF UA 

280 FOR D6=1 TOR 

290 Fĝ=21 06 

300 1F [F8 AND USl<>0 THEN 930 

302 IF O6=05+1 OR D6=05-1 OF DOG=044+2 OR DG=D4—2 THEN 930 
304 iF D6=D3+3 OR O6-D3—3 OF D6=D2+4 OR 06-D2—4 THEN 930 
306 IF D6=D1+5 OR O8=01—5 THEN 930 

310 U6=F6 OR U5 

320 FOR D7=1 TO 8 

330 F?7-2107 

340 IF {F7 AND U61<>0 THEN 920 

342 IF O7=06+4 OA D7=O06—1) OR D7-05+7? OR O7=DS—2 THEN 920 
344 IF 07-0443 OR D7=B4—3 OR D7203+4 OR D7=D03—4 THEN 920 
346 IF D?=D2+5 OR D7=D2—-8 OR D7=Dit+5 OR D7=01-6 THEN 920 
350 U7=F7 OR UG 

360 FOR Da=1 TO 8 

370 Fe@-2108 

380 iF [F8 AND U7]<>0 THEN S10 

382 IF D8=-D7+1 OR D8=D7—1 OR DS=D68+2 OR D8=D6—2 THEN 910 
384 IF O8-05+3 OR DS-DS5-3 OR Dë=D4+4 OA DB=Dd—4 THEN 910 
386 IF 08-0345 OF D8=03—5 OR DS=02+6 OR D&=-02—6 THEN 910 
387 IF D8=D1+7 OR DB=01-7 THEN 910 

500 PRINT 01;02;03;04;05;06;07;06 

910 NEXT DB 

920 NEXT D? 

930 NEXT DG 

940 NEXT D5 


950 NEXT D4 
960 NEXT 03 
970 «NEXT D2 
980 NEXT D1 
READY 

RUN 


te tad Oo od Oo Gd GN ROK RR ee ee 
OANA = MWA esa 
BORD RO MO DAS RT GO = wd ad O on D oo 
WHAM AO a La he 
Wa Ge BROW Me Baw mate 
SA PVN ENO BOO Oo ene 
QAI OW aw WHO Roo 
SO SHO AM aww SiN wine 


Listing | continued: 


mI D D a G a e a Ea p D Ga a aA WN OO d g d a Dad GN CT AI A A Oe ee ON l G O O NI A A AS A A ee C S ‘a O O O O O 
= A AN AG ee Oe eo UTD RENN Hee O a a D m NOW m O O l D A o TO D N N OO D a 


OOM Oats aN D a D D a a G a D a a D a A n An A h nnn ARANAN Nea A PEARS SBEReaRBRASABAWWWWW WW 
O O i e = n N a a m GA be a DO T a G A O d O O d a N e O D e a D a O a a o O O a O a O a E a D OO A A OA h LA O L LY O9 0O DO ~ ÀD CO MJ oom 
MAI o a o o a OTe o a a e Oh e a D da a G d aa A G L ON ED s AA ORYWOWN OD = d O e O A U a ad A a i e D O O N l D a e D Oa 
NOVO Os =D aw s d A O a aa a o a o w a O A HR a o O m ONY a O a a N NNN OS ON e O N OOOH eo in 
mo PON a e h a OW BI T U ag e NO SN NOON O a D a A a a o O Dd g a 0 e n WYN ANDOU m D O a a A L O N — a N G d | Puno g 
Uem DU T b am GN La tg WN SAYIN a d D L a o a eo e a o D d O d a a a O G O G a a OO O a N O d a MUN ODAN OO a N I N 


Cali for Papers for SIGPLAN 
Symposium on Compiler Construction 


The SIGPLAN Symposium on Com- 
piler Construction which is scheduled 
for August 8 through 10 in Boulder CO 
has issued a call for papers. The sympo- 
sium will consider compiler construction 
methods and construction experience. 
The emphasis will be less on theoretical 
methods and more on techniques applied 
to real compilers, Especially welcome 
are papers on the application of theo- 
retical methods and practices to prac- 
tical compilers. Some typical topics 
of interest are: code generation tech- 
nigues; compiler generation for parti- 
cular languages, language constructs, or 
system architectures; compiler porta- 
bility and bootstrapping; compiler 
testing and verification; code optimi- 
zation and its practical effect; measuring 


and achieving compile time and exe- 
cution time efficiency. G copies of a 
summary (not a complete paper) should 
be sent to the program chairman Dr 
Stephen C Johnson, room 2C-559, Bell 
Telephone Laboratories, 600 Mountain 
Av, Murray Hill N} 07974. Summaries 
should not indicate author mame and 
address. This information should appear 
only in a cover letter to the chairman. 
Summaries should explain what is new 
and interesting about the work and 
What has actually been accomplished. 
February 1 1979 is the deadline for sub- 
mission of summaries.@ 


National Computer Tournament 
for the Prisoner's Dilemma 


Looking for a challenging project 
for your strategic instincts and your 
programming skills? This computer 
tournament may be for you. There is no 
charge to enter. 

The tournament is based on a nifty 
little game called the Prisoner's 
Dilemma. In the Prisoner's Dilemma 
there are two players. Unlike most 
games, such as chess, the two players 
are not in total conflict. In fact, both 
can do well or both can do poorly. 

Here is how the tournament works. 
The game will be played for an average 
of 200 moves, and in each move, each 
player can choose either to cooperate 
or to defect. If both cooperate, both 
do well. But if one defects while the 
other cooperates, the defecting player 
gets his highest payoff, and the cooper- 
ating player gets taken for a sucker and 
gets his lowest payoff. The catch is that 
if bath defect, both do poorly. 

The precise payoffs in the tourna- 
ment for a given move are three points 
each if both cooperate; five paints to a 
player who defects while the other 
cooperates, with zero points to the 
sucker; and one point each if both 
defect, The score of a player in a single 
game is his or her total over all the 
moves. 

To win the tournament you have to 
get the highest total score summed 
over all the games you play. Therefore 
your object is to get a good score in each 
separate game, but ‘ot necessarily to get 
a better score than the player with 
whom you are currently playing. 

To join the computer tournament 
you submit a program written in BASIC 
or FORTRAN IV which will be a de- 
cision rule for the selection of the 
cooperative or the defecting choice at 
each move, The decision rule may be 
based on the history of the game so far. 
For exampie, a simple and quite effec- 
tive decision rule is 7it for Tat: cooper- 
ate on the first move, and then do 
exactly what the other player did on the 
previous move. Quite sophisticated de- 
cision rules can be written in as little 
as 25 lines. 

This tournament is part of a research 
project to understand the nature of 
skillful performance in a 2 sided environ- 
ment which is partially cooperative 
and partially competitive. 


Each person wha completes an entry 
will receive a report describing the 
results of the tournament. The winner 
will receive a handsome engraved trophy. 

To get further details on the tour- 
nament, write to Prof Robert Axelrod, 
Institute of Public Policy Studies, The 
University of Michigan, 506 E Liberty 
St, Ann Arbor MI 48104.8 


Using a Calculator to Perform 
Hexadecimal Addition and Subtraction 


This helpful hint to anyone analyzing 
hexadecimal programming and memory 
dumps comes from the NCR Century 
Systems Software volume 4, issue 2, by 
NCR analyst Robert C Moler. 

If you do not have a Texas Instru- 
ments hexadecimal calculator and work 
with hexadecimal numbers, you only 
need to remember the number 84. 

Here is how it is dane. Allow two 
decimal places for each hexadecimal 
character and assign the values as fol- 
lows: 0=00, 1=01, 2=02, 3=03, 4=04, 
5=05, 6=06, 7=07, 8=08, 9=09, A=10, 
B=11, C=12, D=13, E=14, F=15. 

During addition, when the sum of 
two decimal representations of hexa- 
decimal numbers exceeds 15 (F), add 
84 to it to perform the carry to the next 
place, 


Example: 
Hexadecimal Keyboard 

Number 
1540 0T 11 04 13 


+1C85 + 0i 12 08 05 


37D2 02 23 12 18 
+84 


02 23 13 02 
+ 34 00 00 


03 07 13 02 =37D2 


For subtraction, when a borrow is 
made from the next higher place the 
result is in the range of 85 to 99, The 
result is corrected by subtracting 84 
from that place. Using the preceding 
example, subtracting 1C85 from 37D2: 


03 07 13 02 
- 01 12 08 05 


01 95 04 97 
=- 84 
01 95 G4 13 
- 84 00 00 
01 11 04 13 = 1B4D 


Although the limitation is four digits 
on my 8 digit calculator, | stilt find this 
method helpful when digging through a 
hexadecimal dump, 


Harold Pritchard 
1801 Oxford St N 
St Petersburg FL 337108 
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Circle 138 on inquiry card. 
Continued from page 10 


tive), but the statement }:0 returns to 
the start of the program rather than ta 
the last accept. 

Also, two simple changes can Save 
one level of nesting each: 


Now 
Any IBM SELECTRIC® 
can be interfaced to 
Any micro computer 


0044 7E E1AC JIN JMP INEEE 
004E 7E E1D1 JOUT JMP OUTEEE. 


All of the above are simple modifi- 
cations, but | rewrote the whole program 
to optimize it by using RAM in the 
STACK area for LOC, CHR and FLG, 
while deleting LST, 

| am sorry to propose these modifi- 
cations only in MOTOROLA M6800 
format but | am sure thal anyone using 
the 8080 can work it out on their own, 

Keep up the good work for 6800 
experimenters. 


* Unique mechanical design fits on to any style 
SELECTRIC® without modification to the 
typewriter 


* Compatible with 8-100 bus; R8232, Parallel 
and IBEE-488 ports 


* Use your typewriter as a high quality output 
printer with TRS-80, Apple, PET, Sorcerer, 
Horizon, ate., ete. 


Prices:* 8-100 $496.00 A De Longchamp 
Parallel $525.00 7600 Rousselot, Apt 6 
R5232 $549.00 Mantreal, Quebec 


IEEE-488 $560.00 
* Prices valid in USA only 


CANADA H2E 123 


A TIMELY MODIFICATION 


TO KIMER 
Escon Produ cts, Inc. We attempted to run a program from 
; Robert Baker's article “Kimer: A KIM-1 
171 Mayhew Way, Suite 204, aaah 
Pleasant Hill, CA 94523 Timer” (July 1978 BYTE, page 12}. We 
(415) 935-4590 found Mr Baker's statement that the 


timer would run as a 12 hour clock by 
changing the contents of a particular 
address not to be true. After incre- 
menting time at 12:59:59, the 12 hour 
clock goes to 00:00:00, The proper time 
(01:00:00) can be displayed by changing 
and adding the following code: 


NORTH STAR * DISK OWNERS 


THE most COST-EFFECTIVE MACHINE 0257 C9 13 CMP =13 
LANGUAGE DEVELOPMENT SYSTEMS AVAILABLE : 
THE XL-8080 & XL-280 SYSTEMS 
EDITOR "* Create & modily source lisiings using 15 powertul 0256 20 66 OF JSR MIDO 


commands. Provides string searchreplacament, auto-line 
1 numbering, multi-disk file slorage, aulomalic memory 
management, Guilt-in lab, printer listings and much more. Also, a 
North Star-compatable line edilor provides rapid line edil 
capability 


0266 Ag #01 MIDO LDA =01 
0268 85 FB STA POINTH 
026A 60 RTS 


ASSEMBLEA “* Processes source listings directly from disk 

and oplionally stores binary code in mamoary oron disk Fealures We hope thal this correction will aid 
2 others in utilizing the KIM-1 as a 12 
hour digital clock for demonstrative 


purposes, 


mulli-disk/file processing, multi-length labels, symbol table 
listing, console or printer oulpul. etc..Allows any size program 
[source or code) lo be processed! 


Alan A Leff 

Donald L Boas 

The Standard Oil Company 
3092 Broadway Av 
Cleveland OH 44115 


produces source file listings Goth on asecand disk lle ang onthe 


3 DISASSEMBLERA *” Processes an objec! lila on disk and 
console or printer. 


“'MAXIMIZES DISK CAPABILITY 
“USES EXISTING DOS USER 1/0 ROUTINES 
"REQUIRES LESS THAN 16K MEMORY TO OPERATE 


GRAPHIC PRESENTATION 
AL-8080 SYSTEM w/eomplele documentation .......-....,....605 

I found the articles by Jeffrey L 
Posdamer, “The Mathematics of Com- 
puter Graphics,” and Jocl C Hungerford, 
ML-ZP/M SYSTEM (Z380 Assembler lor CP/M} ......00.00000...--. . “Graphics Manipulations Using Ma- 
trices," quite interesting (see September 
1978 BYTE, pages 2? and 156, respec- 
tively}. | am pleased to see that com- 
puter graphics is becoming more popular 
ang useful at ail levels. The article by 
Posdamer was particularly interesting 
because it closely parallels the material 


XL-280 SYSTEM {same as above bul processes 
260 Avog-lormal hies 2... eee 


Available al your local compuler store of by sending check or maney order to. 


COMPUTER P.0. Box 805 
PRODUCTS Mesa, AZ 85202 


Dealer inquiries welcome 
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ARE YOU 


TAKING FULL 
ADVANTAGE 


OF YOUR 


COMPUTER? 


|_\NCC’79 


= 


Then we want you. Assembled at the Per- 
sonal Computing Festival of the 1979 Na- 
tional Computer Conference will be scores 
of experts with diverse backgrounds. Your 
imagination cannot help but be triggered with new uses and applications 
for your own computer. Over 25 technical sessions will cover such topics 
as: languages, education, robotics, small business applications, speech 
synthesis and recognition, and investment analysis. Live demonstrations 
of applications by individual users will enable you to see the latest per- 


sonal computing realities in ac- 
tion. Commercial exhibits will bring 
you up-to-date on industry offer- 
ings in microcomputer products, 
systems, and services. Take full 
advantage of your computer by 
attending the NCC Personal Com- 
puting Festival at the Americana 
Hotel in New York City, June 4-7. 
For continuing information about 
the complete computing experi- 
ence at NCC, simply fill out and 
return the coupon below. 


Then we need you. 
You have developed 
an application to a 


point where your re- 
sults are up to your own high personal standards. Speak to 
us, and the world, at the NCC '79 Personal Computing Fes- 
tival. You can help your friends and colleagues take full ad- 
vantage of their own computers by presenting a paper, chair- 
ing a session, or demonstrating your application. Valuable 
prizes will be awarded for outstanding applications demon- 
strations and for the best papers published in the NCC ‘79 
Personal Computing Proceedings. Fill out the coupon be- 
low, check the box on conference participation, and we'll 
send you complete information. The deadline for submit- 
ting ideas and proposals is February 1, 1979. But remem- 
ber...whether or not you're presently taking full advantage of 
your computer, there's a world of information on the very latest 
in personal computing awaiting you at NCC '79 in New York. 


BYT | 


PERSONAL COMPUTING FESTIVAL 
c/o AFIPS, 210 Summit Avenue, Montvale, N.J. 07645 | 


ee me ee mm rm" ee 


O Please keep me up-to-date on NCC ‘79 and its Personal Computing Festival. 

O Please rush me information on participating in the Personal Computing Fes- 
tival program sessions. 

O Fm interested in demonstrating my own personal computing application; please 
send me details. 

O My company is interested in exhibiting at the Personal Computing Festival. 

O Please send information on the NCC '79 Travel Service. 


Name ——— ~ Title 

Company 

Street 

City State CZ 


= 
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presented in chapter 2 of our book, 
Mathematical Elements for Computer 
Graphics. 

There are one or two small comments 
that may be of interest. Posdamer states 
that there are three basic transfor- 
mations in two dimensions: translation, 
rotation, and scaling. In the sense that 
Posdamer is using there is of course a 
fourth, namely, reflection. 

Hungerford’s statement with respect 
to projected views although technically 
correct is confusing. In real life we see in 
perspective, that is, all lines converge at 
infinity. The projected view given by 
Hungerford is technically an ortho- 
graphic projection. In an orthographic 
Projection all parallel lines remain 
parallel. Orthographic projections are 
commonly used for engineering draw- 
ings. It is this type of projection that he 
describes. 


David F Rogers PhD 

Prof of Aerospace Engineering 
Director Computer Aided Design 
Interactive Graphics 

US Naval Academy 

Annapolis MD 21402 


TINY PASCAL 


| would like to take this opportunity 
to thank you for publishing the series of 
articles about “A ‘Tiny’ Pascal Com- 
piler” (September, October and Novem- 
ber 1978 BYTE} | have enjoyed them 


very much, | have considered (and am 
still considering) obtaining UCSD Pascal, 
but | do not own a disk system running 
CP/M, This is why I have appreciated 
your series of articles, since they did not 
require a disk system and could be easily 
modified for any 8080 system (I own a 
MECA cassette operating system). | hope 
you will continue having serious articles 
about Pascal: by this | mean articles 
perhaps extending Tiny Pascal's features 
compared with full standard Pascal and 
about structured programming in Pascal 
or Pascal-like languages; I think | have 
seen enough articles in all the personal 
computing magazines lately comparing 
the virtues and vices of Pascal vs BASIC 
and the like. 
Harvey E Hahn 
14 N Highview 
Addison IL 60101 


CHESS 4.6 DEFEATED? 


In reference to Norman Whaland's 
article “A Computer Chess Tutorial’ 
(October 1978 BYTE, page 168): Chess 
4.6 proved jts weakness when it lost 
to Duchess at the Jerusalem Conference 
on Information Technology Computer 
Chess Tournament on August 6 thru 9 
1978. Chess 4.6 resigned after 59 moves 
(copies of that game are available upon 
request along with a self-addressed 
stamped envelope). Duchess had a clear 
lead well into midgame, but played 


Add-In Associative Memory 


for the S-100 bus 


Discussed and dreamed about by 
computer scientists for years, Con- 
tent-Addressable Memory (CAM) 
is now here at an affordable price. 
CAMs have been so costly to build 
that few have actually been pro- 
duced. Now Semionics has devel- 
oped a simplified design, lowering 
ihe cost by two orders of magnitude. 
This new memory is called Recogni- 
tion Memory {REM), since {like the 
human brain) it can recognize words, 
patterns, etc. 

Adding a REM board to an ordinary 
microcomputer converts it Into a very 
powerful machine known as a Con- 
tent-Addressable Parallel Processor 
(CAPP). 

Features; 

4K bytes per board 

Static— no refresh needed 
Can be used as ordinary RAM 
or as CAM 

RAM access time; 200 ns 

CAM access time: 4 us 
Multiwrite—writing into multiple 
locations with one instruction 
Masking — for individual bit 
access 
Multiple REM boards accessed 
in parallel 
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Adds 17 associative memory func- 
tions to instruction set of Z-80 or 8080. 
Applications: 

Pattern Recognition * Information 
Retrieval è Compiling & Interpreting 
e Natural Language Processing ® 
Code Compression @ Artificial Intel- 
ligence 

Price: $325 

4K firmware package of REM 
routines: $80 


Y SEMIONICS 


4] Tunnel Road ® Berkeley eCA 94705 
(415) 548-2400 
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rather aimlessly, picking off Chess 4.6's 
pieces one at a time and leaving a tone 
King to resign. The final standings were 
as follows: 


1. Duchess 3 points 
2, Chess 4.6 2 points 
3. Chaos 2 points 
4. Ostrich 1 point 
5. Tell i point 
6. BS '66 ‘76 0 points 


In addition, | have a program written 
in Pascal to solve the 8 Queens problem. 
It was run on the Hebrew University 
computer (CDC 64000) with the original 
Pascal compiler: ETH Zurich (Release 
2). The program works recursively and 
contains more comments than actual 
coding to make understanding easy. It 
too is available upon request {with 30 
cents in stamps to cover shipping). Also 
available are a Magic Squares generator 
and a Life generator written in Pascal. 


Henry Nussbacher 
570 Fort Washington Av 
New York NY 10033 


HEATH BIT 


| recently purchased a DECwriter 
(H36) for my H8 system which already 
included an H9 terminal. Difficulties 
ensued when | tried to list lower case 
text (such as this letter} on the H9, since 
it interprets ASCI! code 140 thru 177 
octal as 040 thru O77 octal. A remedy 
for this situation was published in Sep- 
tember 1978 BYTE, page 147, by 
George } Frye, using an inverted bit 7 
in place of bit 6 from the ASCII bus to 
feed the H9 character generator, Un- 
fortunately, the method described would 
cause an erroneous signal to be sent to 
the plot mode decoder, thus making that 
function of the H9 useless. 

Happily the fix suggested by Mr Frye 
need only be slightly modified in order 
to preserve the PLOT function and allow 
lower case ASCII to be displayed as 
upper case: 


1. Cut the foil trace from pin 1 of 
IC206 to pin 22 of IC205. 

2. Jumper from pin 10 of 1C203 to 
pin 117 of IC219, 

3. Jumper from pin 10 of 1C219 to 
pin 22 of 1C205. 


| have made this change to my H9 
and it works fiawlessly. After | had 
completed it, however, | noticed that 
the inverted ASCII bit 7 signal was 
already available from {C203, Thus, the 
unused segment of the hexadecimal 
inverted (IC219 pins 10 and 11} need 
not be used, and only one jumper is 
needed: 


1, Cut the fail trace from pin 1 of 
1C206 to pin 22 of 1C205. 

2. Jumper from pin 11 of {C203 to 
pin 22 of IC205. 


William W Moss 
1507 Riverview Ln 
Bradenton FL 33505 


CLARIFYING THE LIMIT 


There are a number of items in “The 
Sky's the Limit’ (November 1978 
BYTE, page 48) which require clarifi- 
cation. 

On page 50 it is stated that “some 
repeaters have reverse call-in capability 
by which the nonamateur can dial the 
repeater.” The first part of the sentence 
is true. The second part is incorrect. 
FCC regulations do not allow a non- 
licensed person to activate an amateur 
transmitter. It should be realized that 
the repeater is an amateur transmitter 
and is licensed. 

It should be further noted that it is 
not legal for an amateur to directly 
transmit messages to a nonlicensed per- 
son; most amateurs would be reticent to 
do so. Third party telephone communi- 
cation is a special exception. If one 
would monitor an amateur VHF re- 
peater, he would find that the amateur 
in his car wishing to use “autopatch” 
first accesses the repeater (the licensed 
station) which is under direct super- 
vision of control operators, also ticensed. 
Only then does the amateur place his 
desired nontoff telephone cal} using 
Touch Tone signaling. 

In response to phrases like “As 
radio amateurs recognize the capabilities 
of the microcomputer. . ." (page 50), I 
can anly state that | know a number of 
radio amateurs who have been working 
with microcomputers before there were 
“home computers.” | really don’t feel 
that the radio amateur belongs In the 
class of the slow learner. However, | 


may then turn on the transmitter and 
allow transmission of the nonamateur’s 
message under supervision of the 
amateur, The repeater operator must 
also keep a record of the transmission to 
comply with the rules of third party 
traffic....RS, N4ANG 


HOUSE OPERATING SYSTEM 


| read the editorial in the October 
1978 BYTE and noted with interest 
the distribution of interests in your 
survey. Naturally, | was cheered to see 
home automation ranking as number 
two in the list, since it is precisely 
what | am working on. 

The “House Operating System" is 
really a complete, general purpose 
power control system that can be in- 
stalled in almost any reasonable environ- 
ment for any desired purpose. It can deal 
with both on and off controls such as 
ordinary lights, and controls that require 
some parametric input, such as a digi- 
tally controlled FM tuner. 

What most concerns me, however, 
is the human engineering of the system. 
It has full programming capabilities in 
most respects, interacts with the environ- 
ment and user, and guides the user in its 
use. 

The basic input device in the House 
Operating System is either a 16 button 
telephone—like keypad or a small alpha- 


numeric keypad (about the size of a 
calculator) connected to the central 
computer by a pair of twisted wires. 
Any number of these units can be 
connected on a single pair. Al input 
is echoed on video connected thru a 
master antenna system, enabling all 
televisions in the house to be output 
terminals. Prompting messages, etc, are 
also logged on this video output. 

Commands in the House Operating 
System are mnemonic, and defined by 
the user. They are set up when the sys- 
tem js installed, and can be changed, 
deleted, or added at any time. 

Many primitive commands come 
with the basic software: define a com- 
mand to turn a single relay on or off, 
program a command string, define 
parameters, conditions, etc. 

The system is available only as a 
turnkey package, but we will sell the 
power control boards separately. Our 
optoisolator board {for Input}, tone 
receiver board (for 16 button keypad 
decoding), and relay driver boards 
(power control) are bus independent, 
communicating through serial and 
parallel ports, and are thus usable on 
any system. 


Frank Alviani 
GIMIX Inc 

1337 W 37th PI 
Chicago IL 60609m 


5-100 BUS COMPATIBLE. The EMM 1104 single card plug-in memory has 
been field tested and proven in a variety of systems including the Paly 88, 
IMSAI, MITS, COMPAL-80, TLD and CREMENCO. 16K BYTES ON A CARD. 
Convenient plug-in card, fully burned-in, tested and guaranteed by one of 
the industry's largest memory suppliers. NMOS STATIC RAM. The 4K 
static RAMs have been proven in applications ranging from single chip 
memories to IBM 370 add-on systems. They are fast, 
reliable, and no refresh cycle is required. 


See your dealer, or contact us for complete information, 


S-100 Bus Compatible Memory 
16K bytes on a card 


agree with the statement on page 61 that 
“the AMSAT OSCAR amateur radio 
communication satellites can provide 
the computer enthusiast with an oper- 
ationally simple worldwide personal 
computing network”—but if and only 
if that enthusiast is also a licensed radio 
amateur, 
To Mr Kasser | would like to add: 


1. A review of FCC rules and regu- 
lations may be appropriate. 

2. If you are really interested in a 
multidiscipline approach (ham 
radia and computers)—take the 
time to get a license and enjoy 
both worlds, as many of us do, 


G William Pfeiffer 
KOGVX 

2122 Novak Av N 
Stillwater MN 55082 


NMOS static RAM 


A reference is made on page 50 of 
the article ta the activation of an amad- 
teur VHF repeater by a nonemeteur 
computer user. This procedure is com- 
monly known as “reverse autopatch." 
The Federali Communications Com- 
mission has ruled that such activation 
may be done only in the following way: 
the nonamateur dials a telephone num- 
ber which rings a phone at the repeater 
control site. A human licensed amateur 
radio operator answers the call, estab- 
fishes its purpose, and determines if 
transmission of the calf is consistent 
with the regulations governing amateur 
radio operation, The repeater operator 


Commercial Memory Products, a Division of Electronic Memories & Magnetics Corp. 
12621 Chadron Avenue ¢ Hawthorne, California 90250 » Telephone (213) 644-9861 
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soft as 
a rock 


Wintek’s solid 6800 software. 
6800/6801 Cross Assembler $800 ` 


PL/W Cross Compiler $1400 
Cross Linker $400 
Simulator $800 
Floating Point Math Pkg. $500 


_ When you choose Wintek, you're getting 
software as solid as a rock. All software 
written in ANSI FORTRAN for 16 bit or 
larger computers. Also available on 


PA TYMSHARE™ 


For information on solid software 
from Wintek, call or write: 


AA WINTEK| Wintek Corporation 
pas Compe 


Lafayette, IN 47904 
317/742-6802 
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Desk lop Wonders 


Some Random Games 


C K Adams 
12702 Shady Creek 
St Louis MO 63141 


With the increasing number of inexpensive 
programmable calculators, game and enter- 
tainment programs are becoming popular. 

Here are two simple entertainment pro- 
grams written for the Texas Instruments 
model 58 or 59 programmable calculators 
with the master library. After entering any 
of the programs, always single step through 
the program, checking the entries against 
the program listing to help prevent wrong 
entries, 

Listing 1 is the ESP program. The object 
of this game is to guess the number (0 or 1) 
that the program will come up with. The 
operator enters either a O or a 1 into the 
calculator, then presses D. The calculator 
displays its number, independent of the in- 
put. The number of correct guesses is stored 
in register O1 while the total number of 
guesses is stored in register 00. 

The random number generator program 
of the master library is used to calculate a 
random number between O and 1. The 
program then rounds the number to either 
a 0 or 1. The steps required to generate this 
random number using the library program 
are as follows: 


. Call up program 15. 

. Enter a seed number. 

Press A. 

. Press E to initialize the program. 

. Press SBR and D.MS to obtain answer. 


MW e wnn 


To obtain another random number, repeat 
step 5. These steps are accomplished by pro- 
gram steps 00, 01, 03 through 05, and 12 
through 15. 

The guess is entered by steps 08 through 
11 and is stored in register T. Steps 21 and 
22 keep track of the number of guesses. 
Steps 23 through 25 determine if the guess 
is correct, and steps 26 and 27 keep track of 
the number of correct guesses. 

To use the program: 


1. Enter the program from the program 
listing. 


BEYOND TRS-80 


When Microsoft put Level JI BASIC on 
TRS-80, you got a glimpse of Its full 
potential. 


Now Microsoft introduces: 


TRS-80 Fortran 


and TRS-80 will never be the same! 


TRS-80 FORTRAN includes the finest 
Z-80 development software available: 


Z-80 Macro Assembler, versatile Text Editor, 
and Linking Loader. 


Circle 228 on inquiry card. Total price: Only $350.00 


TO: Microsoft, 10800 NE Eighth. Suite 819, Bellevue, WA 98004 Hiq@iijsMagl-metel0]elo)am-]s(em@],¢@) =i: 
NOW, or send for free 


O Send me free TRS-80 FORTRAN overview. overview for more details 


O Send me TRS-80 FORTRAN and Z-80 development soft- about TRS-80 FORTRAN. 


ware for $350.00. 
TRS-80 FORTRAN Is Supplied on 


two minidiskettes and requires a 
32K system with one disk drive. 
Card Number___——SSssSFssSCSa EE. Date — Dealer inquiries invited 


[CI check enciosed [O master charge Li visa 


Cardholder's Signature 


| 4iCROSOFT 


Address m 0800 NE Eighth, Suite 819 
Cty ——— State zip Bellevue, WA 98004 


m á M M ee UMC B-1 


Location Kays 

00 

02 ŒD COMD 

03 (ind) GMY) Cis) CED 

06 LBL 

o8 CR/S) (2nd) CEBL) CD) 

11 

12 Cand) CPGM) CED CBR) Cand) COMS) 
16 Qn CO C0) CEE Anw CEE) 
21 

23 X=T 

26 (2nd) COP) C21) 

28 


. Press RST. 

. Enter a seed number (between 0 and 
19907). 

4. Press À. 

5. Enter guess (either 0 or 1). 

Press D (the number calculated will 

then be displayed). 

7. Repeat steps 5 and 6 for the next 

guess. 

8. Read registers 00 and 01 to determine 

the number of guesses and the number 

of correct guesses, 

Start at step 2 to reinitialize the 

program. 


WwW ho 


Listing 2 is a dice game. This program 
allows the user to “roll two dice” and end 


? 


bers are separated by a decimal point. In 
this program, as with the previous program, 
a seed number is entered to initialize the 
random number generator. Entering the 
same seed number will result in the same 
sequence of numbers for the rolls of the 
dice. But there are over 19,000 possible 
combinations for the seed, so it is virtually 
impossible to memorize the sequence for 
more than a few seed numbers. Also, by 
letting a player other than the operator 
enter the seed number, the possibility of 
cheating is eliminated. 

Program steps 1 through 14 set the limits 
for the random number program to 0.5 and 
6.5. Steps 16 and 17 set up the loop for the 
roll of the dice. Steps 21 through 23 deter- 
mine the value of the first die. Steps 24 
through 30 round this to a whole number 


Listing 1: ESP program for guessing which number will be played next. 


Commentary 
Define A as seed. 
Clear memory. 
Initialize random number program. 
Define loop. 
Enter guess. 
Move to T. 
Calculate random number between 0 and 1. 
Round answer to either O or 1, 
Increment number of guesses, 
If guess does not equal number, go to loop. 
Increment number of correct guesses, 


Go to loop for next try. 


SEND: 


® 1 to 150 WPM (set from 
terminal) 


@ 32 character FIFO buffer 


with editing 


Le kd 


@ Auto Space on word boundries 


@ Grid/Cathode key output 


@ LED Readout for WPM and 


Buffer space remaining 


SERIAL INTERFACE: 


vle) 


COPY: 


@ i to 150 WPM with 
Auto-Sync. 


@ Continuously computes 
and displays Copy WPM 


è 80 HZ Bandpass filter 


© Re-keyed Sidetone Osc. 
with on-board speaker 
wi) 
Rateta ® Fully compensating to 
copy any ‘fist style’ 


@ ASCII (110, 300, 600, 1200) 
or Baudot (45, 50, 57, 74) compatible 


® Simplex Hi V Loop or T’L 
electrical interface 


®@ Interfaces directly with the XITEX® 
SCT-100 Video Terminal Board; 
Teletypes® Models 15, 28, 33, ete.; 
or the equivalent 


V72 january 1979 D BYTE Pubmations Inc 


MRS-100 CONFIGURATIONS: 


@ $95 Partial Kit {includes Microcomputer components 
and circuit boards; less box and analog components) 


è $225 Complete Kit lincludes box, power supply, 
and all other componenta) 


@ $295 Assembled and tested unik ias shown) 


Overseas Orders and dealer inquires welcome 


See your local dealer or 
contact XITEX® direct. 


MC/Visa accepted 


DXITEX CORP 


14624 Neutron @ P.O Ras saz) ta 
Dalhes. Texas T2490 @ (2141 SHG dM 
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and store the results. Steps 31 through 38 
determine the value of the second die and 
round it to a whole number. Steps 39 through 
46 combine the two numbers by multiplying 
the value of the second die by 0.1 and add- 
ing to the first value. Steps 47 and 48 loop 
back to display the results and wait for the 
next roll, 
To use the program: 


1. Load program from program listing. 


6 
7. 


. Press RST. 

. Enter seed number (between O and 
19907). 

. Press R/S {display will go out and then 
display 0). 


Press D to roll the dice. The display 
will show the value of the two dice, 
separated by a period. 

Press D to roll the dice again. 

To reinitialize the program, return to 


step 2,8 


Listing 2: Dice program for rolling two dice. The two dice are displayed on either side of the 


decimal point. 

Location Keys 

00 

“a Cand) CPGM) CE 

0 CESC y EE 

6 (ind) Cm Cis) 

ob Ca CED CO OD 
12 C15 Co) 
16 Cand) CELF C+) 

18 

19 co”) 

21 Cand) CPGM) CED CED 
24 CoD CE 
29 STO) C0 ) 

31 2nd PGM 
34 Co) CEE) 
39 CINV) Gand) ŒO CX) 
44 œ œ 
47 GTO 


Commentary 


Enter seed number. 
Initialize random number program. 


Set lower jimit at 0.5. 


Set upper limit at 6.5. 
Zero display. 
Set up loop. 


Stop program and display results. 


Calculate value of first die. 

Round value to a whole number. 
Store value of first die. 

Calculate value of second die. 

Round value to a whole number. 
Multiply value of second die by 0.1. 
Combine first and second dice values, 


Loop back for next roll. 


Circle 401 on inquiry card. 
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DEF GHITELINGPORS STUY 


pal photons ags 


L 245678 


abcde Fehi Shinnopatstuie a eel 


SCT-100 FEATURES: 
@64 X 16 hne format with 128 displayable characters 


@ Serial ASCII or BAUDOT with multiple Baud rates 


© $187 Assembled or $157 Kit (Partial Kit $95) 


@ Full cursor contro! with scrolling and paging 


© On board power supply MC/VISA accepted 
Call or write today. 


DXITEX CORP 


13628 Neutron P. O. Bax 402110 
Dallas, Texas 75240 (214) 386-3859 


Overseas orders and dealers inquiries welcome 
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GOTOlocks and the Three Sorts 


Gwen Hadley 
520 E May, Apt 2 
Las Cruces NM 88001 
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In a package program on the dump of a 
null allocation, there resided a very asyn- 
chronous VERB who was commonly known, 
in reverse Polish notation, as GOTOlocks. 
GOTOlocks was a virtual card hopper, a 
veritable TALLY-goer, a member of the 
MOD function, for she was continually 
GOTOing. Her run time was so elliptic that 
there was no algorithm for tracing her or 
her Turing machine. 

“I am queried of this dump routine,” 
she asserted. ‘‘To GOTO is Greater Than to 
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RETURN.” And her counter was dimen- 
sioned around that password. 

One day GOTOlocks multivibrated the 
topdown on her Turing machine, imple- 
mented her ascending key, converted her 
scale factor for sequential access, made a 
scientific notation of her default value, set 
her level indicator at zero, and linked out 
into the recursive overflow area of the in- 
staflation. “I will have a real time for my- 
self,” she stated. 

Soon, her Turing machine arrived at an 
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empty operating system which belonged to 
the Three Sorts. There was a Major Sort, 
an Intermediate Sort and a Minor Sort. The 
Three Sorts were just taking a structured 
walk-through the forest while their hash was 
being debugged. 

GOTOlocks inputted into the Three 
Sorts’ priority system through their OR 
gate and advanced to their hash table. She 
sampled the Major Sort’s hash. 

“There are too many bugs in it,” she 
asserted. “An adder would take care of 
them.” She correlated four bits of cyber- 
culture into the floating point. “At least it 
can be upgraded by integrating a literal 
queuing solution,” she commented. 

NEXT, GOTOlocks tested the Inter- 
mediate Sort’s hash. “This is too unde- 
fined,” she printed. “No wonder it isn’t 
labeled, It could be a key punch with a little 
binary addition.” She loaded some Garbage 
In to it. 

Then, GOTOlocks sampled the Minor 
Sort’s hash. “What a smooth approxi- 
mation!” she dectared. And she simulated 
the entire batch. 

NEXT, GOTOlocks multivibrated into 
the Three Sorts’ mass storage. Here, she 
found three peripheral devices—a big peri- 
pheral device, a medium peripheral device 
and a tiny peripheral device. 

She tried the big peripheral device. “This 
is too ambiguous,” she stated, “I am Not 
Equal to it. All | need is a simple basic 
cycle.” 

She tested the medium peripheral device. 
“This is too digital,” she commented, "and 
with its variable flip flopping | feel as if | am 
loaded. There is no use making myself 
Iliac.” 

She tried the tiny peripheral device, and 
it was just right. Just as she began to operate 
it, however, it was truncated. 

Finally, GOTOlocks entered the Three 
Sorts' deck setup. She tried the huge source 
deck, but it was too dimensional. “What | 
need,” she declared, “is something more 
finite.” 

She tried the medium source deck, but 
it had an embedded parenthesis in it. “This 
could give one a BACAIC,” she stated, and 
moved on to the tiny source deck. 

The tiny source deck was so very heuris- 
tic that GOTOlocks was soon smoothing 
away. 

Suddenly, the Three Sorts returned from 
their watk-through. 

‘Someone has been processing my hash,” 
asserted the Major Sort. 
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Art by Lynn Irwin 
717 Emery St 
Longmont CO 80501 


“Someone has been processing my hash,” 
declared the Intermediate Sort. 

“Someone has been processing my hash,” 
iterated the Minor Sort, “and it is all simu- 
lated." 

They went into their mass storage. 

"Someone has operated my peripheral 
device,” asserted the Major Sort. 

“Someone has operated my peripheral 
device,” declared the [ntermediate Sort. 

“Someone has operated my peripheral 
device,” iterated the Minor Sort, “and it 
has been truncated.” 

Finally, they linked into their deck 
setup. “Someone has been scaling in my 
source deck,” asserted the Major Sort. 

“Someone has been scaling in my source 
deck," declared the Intermediate Sort. 

“Someone has been scaling in my source 
deck,” iterated the Minor Sort, “and here 
she is!” 

With that, GOTOlocks became on line 
and listed through the source deck, and out 
through the mass storage, and through their 
priority system with the Sorts vibrating on 
her trail. BYTE magazine, 70 Main 

She looped off in her Turing machine, St, Peterborough NH 
taking direct access to her dump routine. 03458, attn: GOTO/ocks. 
“One would conclude that | am linked to But beware, some of the 
the 5th column,” she stated, making a buzzwords we haven't 
scientific notation never to go into a recur- even heard of. 
sive overflow area again.@ 


Here is a little contest, 
suggested by the level of 
punmanship exemplified 
by this short story. To 
enter, simply identify each 
buzzword buried in this 
story, write a short char- 
acteristic explanation of 
its use and normal con- 
text, and return it to us at 
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POB 2007 
Holland MI 49423 


ybbles 


“Word processor” is a term personal 
computer people are hearing more about 
lately. Just what is a word processor? 
Essentially, it is a computer system con- 
sisting of hardware and software that allows 
one to enter and store text and have it 
printed back upon command, Additional 
features let the user edit and manipulate 
the text in various ways. The copy printed 
back to the user may be as entered or it may 
be right margin justified, meaning that the 
lines of text are adjusted so they line up 
on the right side (the text of this article is 
both right and lefi justified). Various line 
widths are usually possible. Page numbers 
and headings may be automatically added 
to the text, and indices and tables of con- 
tents may be gencrated using key words. 

If you type a 20 page report, you will 
probably make some errors. The report 
may have to be retyped several times before 
the final copy is acceptable. With a word 
processing system, only the errors and 


Table 7 (opposite): Com- 
mands supported by the 


Micro Word Processor 
along with the options 
available. 


A Micro Word Processor 


changes would have to be retyped into the 
system — a great timesaver if the text is 
lengthy. 

The typical microcomputer hardware for 
such a system might consist of a mainframe 
computer, 32 K bytes of memory, dual 
floppy disks, and a printer with proportional 
spacing and upper and lowercase type. A 
video terminal is also a useful addition for 
entering and editing text. The cost of such 
a system can run from $7000 to $12,000. 
Many businesses are finding such word 
processing systems to be valuable assets to 
their staffs, and well worth the investment. 
This is especially true if much of the hard- 
ware is already available and being uscd on 
such tasks as payroll and accounting. But 
what about the person who would just like 
to produce a few form letters or multiple 
copics of a computer club newsletter? And 
what about those of us who don't type 
well? Wouldn’t it be nice to have a word 
processor that allows us to correct the 
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EXORciser Users: We’ve got your memory. 


The 16K Static RAM for your M6800 EXORciser* 
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ti tiiti 
$495** 


The RANK 68MX16 features: 


© i 6384 bytes of fully static MOS memory in 4K 
e arrays. 

@ TMS 4044 memory chips with 450ns maximum 
access time. 

© Plug-in compatible with Motorola's EXORciser*, 
Micromodules* and D-2 Kit. 

@ Switch selectable write protect for each 4K array. 

© Jumper selectable base memory address for 
each 4K 

@ Fully buffere bus interface. 

@ Single t5V su 

@ Available in 8 
memo 

@ Notakit 

@ Full six month parts and labo 

© Shipment: Stock to 30 days. 


RANK PERIPHERALS OF CANADA LTD. 
PO Box 7, Victoria Station, Montreal, P.Q. H32-2V8 
(514) 481-5431 


“Trademarks of Motorola inc. 


arra 


pi 
in version - - same board with 8K of 
chips — 

-full -assembled, burned-in and tested. 
r warranty. 


**Single quantity price in US funds. 


Circle 313 an inquiry card. 


SUMMARY OF COMMANDS 


Command Options Available 


: clear file area. 
: enter the editor. 
input lines. 
jump to top of monitor. 
: list file as entered with line numbers. 
: return end of file address in memory. 
: print file as entered or justified. 


Options 


1. CTRL C: abort printout. 

2. CTRLI: tab to next selected character. 

3. CTRL S§: halt printout until a second CTRL S$ is sent. 

4. CTRL X: erase current line, reissue > prompt. 

5. DEL : delete last character typed in, echos underline or back arrow. 

6. : a backslash decodes as a carriage return and line feed in the print 
justified routine. 


Listing 1: Typical session with the Micro Word Processor system. Comments 
regarding the fisting are in italics. 


(dete hr ines an vpiti inte Hn bh Soh uw at PEL tes 
COANAHD? I etaa cage MI PUEY) 
310 We bold these truths to be self-evident: that all men are created equal, 
>t2 that they are endowed by their c Creator with certain un _inalienatde rights, 
714 that anong these are life, and the persuit of happiness. Thaflo _ to 
316 secure these rights , governments are instituted among men, deriving their 
>18 just powers from the consent of the governed. 


(COAKAND? | {Hi tite is tested dsn K fa Hn aed) 


10 Ve hold these truths to be self-evident: that all men are created equal, 
12 that they are endowed by their Creator with certain inalienable rights, 

14 that among these are lıfe, and the persuit of happiness. That to 

Jé secure these rights, governments are instituted anong men, deriving their 

18 just powers from the consent of the governed. 


COnMARD? E {the word liberis n minsug uom line lẹ. ble edi ruttitie 
LIWE 40.7 14 Aed deo attsa tt itt 
CHAR.? , 


that among these are life, liberty, and the persuat of happiness. That to 
> 


COMMAND? P 
COPIES(01-99)-01 (lin tih i then printed ink, easing a SU space minnin 
JUSTIFY? Y dine width} 


WIBTH(01-80)-S0 


We hold these truths to be self-evident: thal 
al? nen are created equal, that they are endowed 
by their Creator with certain inalienable rights, 
that among these are life, liberty, and the 
persnit of happiness. That ta secure these 
rights, governments are instituted waong nen, 
deriving their just powers from the consent of the 
governed. 


COHMANB? F 

UOPIES(01-991-02 tihe Bile h peated ayain usiri ites SO spia Here. bos copies 
JUSTIFY? ¥ we mquestt dd) 

WIDTH(01-807-80 


We hold these truths to be self-evident: that all nen are created equal, 
that they are endowed by their Creator with certain inalienable rights, that 
anong these are life, liberty, and the persuit of happiness. Thal to secure 
these rights, governnents are instituted anong men, deriving their just povers 
from the consent of the governed. 


Ve hold these truths to be self-evident: that all men are created equal, 
that they are endowed by their Creator with certain inalienable rights, that 
naong these are life, liberty, and the persuit of happiness. That to secure 
these rights, governaents are instituted anong nen, deriving their just powers 
from the cansent of the governed. 


COMRAND? 1 (AV th entered.) 
>08 THE TECLARATION OF INDEFENDENCENNY 
> 


Circle 231 on inquiry card. 


"MICRO 


S-100 USERS 
GIVE YOUR COMPUTER 
THE GIFT OF SIGHT! 


The Micro Works is proud to announce 
a Digisector for the S-100 bus. The 
device that brought inexpensive video 
image processing to the S-50 bus is 
now available as an S-100 compatible 
video digitizer. Check these features: 


@ High resolution — a 256 X 256 
picture element scan 


@ Precision — 64 levels of grey scale 


@ Speed — 2 seconds or less for full 
screen digitization (128 X 128) 


@ Versatility — scanning sequences 
user programmable 


@ Economy — a professional tool 
priced for the hobbyist 


@ Compatibility — you can use any 
processor on the S-100 bus 


@ IMAGE PROCESSED BY DS-80 @ 


Applications include precision secur- 
ity systems, moving target indicators, 
computer portriature, fast to slow 
scan conversion for ham radio opera- 
tors, and salvation for a Droid in dire 
need of a wall socket. With clever soft- 
ware, the Digisector can read paper 
tape, punched cards, strip charts, bar 
codes, and musical scores. 

The DS-80, like all Micro Works pro- 
ducts, comes fully assembled, tested 
and burned in, with fully commented 
portrait printing software. An inexpen- 
sive TV camera and the DS-80 are all 
you need to see eye-to-eye with your 
computer! Price $349.95. Please allow 
2 weeks for delivery. 


Mastercharge and BankAmericard 


P.O. Box MO, Del Mar, CA 92014 
(714) 756-2687 
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Listing 1 continued: 


CORKAND? F (Pi tits punea dae boas carte teak, a asftera® fin aunn s? 
UGPTES(O1-97)-01 
JUSTIFY? N 


THE DECLARATION OF INDEFENTDENCENSNS 
Ue hold these truths to be self-evident: that all sen are created equal, 
that they are endowed by their Creator with certain inwlienatle rights, 
that anong these are life, liberty, and the persuit of happiness. Thit Lo 
wecure Lhese rights, governments are instituted anong men, deriving their 
just powers fron the consent of the governed. 


COAHAND? P {fe tih os peated Back petit, ow dieu SOP pido Tine 
COPITES(O1-29)-01 width.) 

JUSTIFY? Y 

WIDTH{O1-80)-B0 


THE DECLARATION GF INDEPENDENCE 


Ue told these truths to be self-evident: thal all men are created equal, 
that they are endowed by their Creator with certain inalienable rights, that 
among these are life, liberty, and the persuit of happiness. That ta secure 
these rights, governaents are instituted anong sen, deriving therr just powers 
fron the consent of the governed. 


COMMAND? H (fa mony Hurk pra dou ite didres oani od ed at tue 

ZED uh. fiu peta dian tere dofins cemdteand fea dine sistin 
mangos whel nemar oe Me Dh aatar d Ae bide 

COMRARD? i Beads t beah cal WG ad crah at Hinda not 

oD idee 

2050 

HEF 

2050 FF FF FF FF FF 34 08 20 

2 202 . . 

he o 2 H z 0 zo a ie mistakes as we type? When finished, our 

2068 45 20 44 45 43 40 41 52 computer could type back the page to us 

se ag te Ms without any errors 

= pi J * 

5990 44 45 4AE 43 45 5C 5C 5C The desire for such a system ted me to 

sere i 3o ms zo 70 zo 20 ao develop my own word processor. It is 

2098 74 88 65 73 65 20 74 72 designed to run on a minimal system uti- 

20A0 75 74 48 73 20 74 bF 20 lizing the 8080A type microprocessor, The 

i 2 > + > 

Sao ts Sa ae ma on ck ék ZD computer will need only a single serial 

20BB 20 74 48 6) 74 20 61 AC input/output (IO) port, some sort of hard- 

ane iC zo i b: E zo át hi copy printer, and about 4 K bytes of 

BODO 64 20 45 7175 41 SC 2C memory, although less could be used. 

ZODA OD AA 12 74 4B 41 74 20 The Micro Word Precessor is a machine 

n ‘ 4 

Ore Za ss i 7e zo a ie 65 language program that occupies 1 K bytes of 

20FO 20 62 77 20 74 68 65 69 memory space. It was designed to fit into a 

te 7? A 5 ie H 7o ir 2708 type programmable read only memory. 

D108 65 72 74 61 49 6E 20 49 The text typed in is stored sequentially in 

2110 ʻE s ét £? 65 bE 61 62 programmable memory. The program is line 

2 é b9 6? 68 74 Hant sediri tar a : 

7120 73 2C OD AE 14 24 SE 4I oriented to make editing casier, Various line 


2128 74 20 41 6D 6F 6f 6? 20 
2130 74 48 65 73 65 20 61 72 
2738 45 20 6C 69 68 55 2C 20 
2140 AC SF 62 65 22 74-79 2C 
2448 20 6) 6E 64 20 74 68 65 
PISO 20 70 65 72 73 75 69 74 
2158 20 sf 66 20 6B 61 70 70 
2180 é? BE 65 73 73 26 20 20 
H 

a 5 s $ h i ” iF — _— Check Enclosed Signature 
2178 45 20 74 6B 65 73 45 2 

2100 72 69 67 48 74 73 20 20 Bill my BAC # 

3188 67 6F 76 65 72 4E BN 45 

490 bE 74 73 20 41 72 65 20 . : 

DI9B 49 GE 73 74 469 74 75 74 Bill my MC # 

ZIAD 85 64 20 61 SD OF bE 6? 

21AB 20 6D 65 6E 2C 20 64 65 Name 

TIBO 72 69 24 69 BE 47 20 74 

HIDE 48 65 69 72 OD 30 18 4A Street 


Please send 


copies of BYTE Nybbie # 


ZIEG 75 73 74 20 70 OF 77 45 
ZICE 72 73 20 44 72 OF 4D 20 City State 
21D0 74 68 65 20 43 OF OE 73 
ZIGS 45 AE 74 20 SF 6d 20 74 
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widths can be specified when the text is 
printed back to the user. 

The Micro Word Processor recognizes 
seven different commands. They are: C 
(clear), } (jump), | (input), E (edit), L (list), 
M (memory), and P (print). A summary of 
the commands and available options is given 
in table 1. 

The clear command clears the file area 
making room for new text to be entered. 
The jump command transfers program 
control to the system monitor located 
elsewhere in memory. The /nput command 
allows lines with line numbers to be entered 
into the file. Regardless of the order in 
which lines are entered, the program will 
place the lines in ascending line number 
order. The edit routine is used to correct 
errors or make changes in individual lines. 
The fine number and a key character are 
supplied and edit slews through a line until 
the character is found. Additional characters 
can then be entered into the line or deletions 
made. List dumps out the entire file with 
line numbers as it was entered into the 
system. The memory function returns the 
address of the last character in the file. The 
print routine can either type back the file 
as entered without the line numbers, or 
print it with the user specifying the 
maximum allowable line width. The Micro 
Word Processor does not right justify, but 
i1 does check to see if the next word will fit 
within the allowable margins. If not, it 
sends a carriage return and line feed to the 
terminal and then continues printing. A 
typical session using the Micro Word Pro- 
cessor is shown in listing 1. 

The 1 K byte Micro Word Processor, 
written for the 8080/Z-80 and capable of 
being implemented in read only memory, 
plus further documentation, is available 
for $4 postage paid from BYTE. Please use 
the coupon below and order BYTE docu- 
ment number 102.m 


at$_——  — postpaid. 
Exp Date 
Exp Date 
Zip Code 


' a a BYTE Nybbies Library, 70 Main St, Peterborough NH 03458 
2IEO 48 45 20 67 SF 76 4572 
2IEB GE 65 64 2E OD FF 40 00 Nybbles 


You may photocopy this page if you wish to keep your BYTE intact. 


Programming Quickies 


Single Stepping 


the 8080 Processor 


Charles Sharp 
POB 3879 
Carmel CA 93921 


This is a description of a routine for the 
8080 processor to allow single stepping with 
software (see listing 1). 

Often it is useful to be able to step 
through a program one step at a time. To do 
this from a software standpoint, it is nec- 
essary to have a register save area. In this 
way, the registers can be stored, and the pro- 
cessor registers are freed to allow external 
input/output (10) processing. 

One straightforward approach is to insert 
a restart byte at each point, thus generating 
a branch to the register save routine and 
back into the monitor. However, this pre- 
cludes stepping through read only memory, 
and the user must keep in mind where the 
next restart is to be placed. 

An alternate approach is to have a pro- 
grammable memory execution area where 
the program is transferred, byte by byte, 
and then executed under controlled condi- 
tions. The program needs to know the num- 
ber of bytes (one, two or three) of the op 
code being simulated. In the accompanying 
program (see listing 1), a table lookup is 
used to extract this information. 

The code in listing 1 does not have any 
provision to display the register save area. 
Therefore, this code must be used as part 
of a more complete monitor system. 

The basic idea is to initialize EXOP1 and 
EXOP2 to NOPs. A jump to RSTA is put 
in EXOP3. The one, two or three bytes of 
code is moved to EXOP EXOP1, and 
EXOP2. The registers are restored to their 
saved values and a jump is made to EXOP. 
Then all the registers are immediately saved 
by the jump to RSTA. 

Then things become more interesting. 
What does one do about the jump, call, 
return and restart statements? After all, 
they do have some usefulness. Well, it is 
obvious that we cannot actually let the 
jump instruction go on to its original loca- 


Listing 7: A program for single stepping the 8080 processor. 


art 


EXUF Da 
EXCPS DS 
FRCPZ DS 
EXOFS DE 
£XGP4 05 
WETCE LE 
F3AYE DS 
ASAVE DS 
CSAYE Os 
BSAYE DS 
ESA¥E TS 
D5AVE DS 
SAYE DS 
RSAVE DS 
SSAVE LE 
PSAVE 05 
MSTCE EQU 


1er? LXT 
ive? JF 


ete ek gm pe ek met et ee pee ee ee ee 
bang Be Mae Ban Datius Be: Bes ities Bad Pens Mas Ped ias | 
peut tt he ko a ee tS EA PS LS YET e 
Fut Me top gop ye Pat oe 4 T h Ge at P ee Z 


lFba 

1 RAY EXECUTICN AREA 

L 

1 

1 

z 

d ADDRESS AND STACK SAVE LOCATION 
1 FLAS SAVE LOCATION 

1 A SEGISTER SAVE LOCATION 

3 C ALGISTER SAYE LOCATION 

1 h FEGISTER SAVE LOCATION 

1 F ASSISTER SAVE LOCATION 

1 D REGISTER SAYE LOCATION 

t L REGISTER SAYE LOCATION 

1 E kEGISTER SAVE LOCATION 

2 STACK POINTER SAVE LOCATION 
Z PROGRAM COUNTER SAVE LOCATION 
FSAYE 

ieg’ 

AP MSTCK TIDBIF SET UP STACK POINTER 

ESTE! Tle71e ENTRY TO SINGLE STEP 


FE AMOAREDORSOE RE NSESORAEHSOESEEATEHSEOKEESESEASOCOEHRSEESAOSEDOHROSESESERES 


Me TAALFS USEL TO LOOX UP CERTAIN OPCCDES AND JUMP LOCATIONS 
POS EOORTE GENTE OTEHG ERLE EO OEE SE REEHES HES EEOEE ORD EESOOEEO SS CESOREROE SC ORERORE 


d?e. SOTEL DE 
ita? 


Ce 
lees cB 
12A by 
eect OF 
eal ow 
12e0F OE 
121? bi 
1212? oF 
1213 D» 
18153 SYTEL Du 
1817 Dw 
1919 Di 
1211F Dw 
120E De 
121F Da 
1721 De 
1223 bw 


WwiS CLTFL Db 
1g45 CHTEL LE 


Eg FCHL INSTRUCTION SYTE 
TCE ehr1 

C2 «MF INSTRUCTION BYTE 
BRTYF vali 

cD CALL INSTRUCTION BYTE 
CALTY 471) 

cy RET INSTRUCTION BITE 
RLTYE Set] 

7t BLT INSTRUCTION ETTE 
Fil 7Die 
RETYP 5511 
ZATTE CBl¢ 
ERTYP 2411 
EXCTC cBle 
CALTY 4711 
breve Cre 
RICTC CEHA 
RSTTY Ecil 


7HSC1 559559915564 D591 05930521 D59 
SPDSSCEOSERI4ECILDDOSECSEDDSE DCO 


SRERSESETESS SHEA EERE SK EREESE SEAHEC ETE HTS OFSEESSEOOSCEHSELESHVISESSEHSHSSSERD SED 


. RETURN POIAT AFTER SIMULATION CF OPCODK IN RA’ AREA 
CFO COTE NET HSER OER TOE OOEETHN SS OODE BECEH TTF OHNE URERTOETESSERESSNE SEED ttot 


1g! RETA SHLE 
Lack STA 
LOCE RAR 
ieee Lī} 
Wer DAD 
1076 ZELO 
ig? RAL 
104 LEA 
1677 LX] 
127A PUSH 
Ie7h FUSE 
1g?C PULE 
127h FINI LEI 
Iper MF 


LEAVE c20FIF SAVE B 
ASAYE S20G1F TEMP SAVE A 
iF ROTATE CY TO ACCUMULATOR 
8 peee 212822 GET @°S IN E-L 
BP Io GET WALUE OF STACK POINTER 
Sfave E2pFLF SAVE VALUE OF STACK POINTER 
1? RESET CY T9 PROPER VALUE 
ASAVE 2ADGLF GET VALUE OF A 
SP LSAVE ZIDEL? SET STACK POINTES TC LSAVE 
L ne SAVE D~E 
à cs SAVE R- 
Poe Fo SAVE PS 
SF MSTCK PIESLE RESET STACK POIATER 
ISPLY C2777? USER DEFINED DISPLAY ROUTINE 


AND LOOP CONTROL 


REM FASORSHSCOTE AIL FORESEES H SASHA SORASHTESRSHSEHSSDERKSSSHETSESOTAASE EH OHSS 


SINGLE STEF LOOP CICLE 


SHSCTEE SEAT HHSE OED LOKTHSS HHS SY OHASHAS SCS EEES EEEE HO EET OSS OO OF ESE TORESEED 


1263 SSTPP MYI 


get STA 
12zé LAT 
17°F SYLT 
EEE Lxt 
1251 SPLS 
1284 LILT 
eer MOV 
LEET STA 
100 CALL 
170E LHL 
1041 CFI 
gaz Ji 
teae cP 
1248 IRJ 
IAG roy 
Leta STA 
1PAD J? 
loka Iag 
lati roy 
1f STA 


1085 NMR JINX 


12 RE SHLD 
12ty LEA 
18e LhI 
Icf MY] 
1801 CALL 
iges ANT 
1aceé CFT 


4 pi) SECS GET JUMP OPCCDE 
EOP? ILDZIF STORE IN RAM EXECUTION AREA 
hi rere 21¢e@0 GET @°S In H-L 
EX 3? 1 22D11F MAUF ZND & 3RD BYTES NOP“S 
E aASTA 21E51@ GET WETURK POINT in i-i 
EXQF4 @E241F STORE IN RAM EXECUTION ARES 
PSAVE 2AFL1F LOCATION OPCODE TO BE SIMULATED 
A P 7E GET THE OPCODE BYTE 
EOF 32D21F STORE !T IN RAM EXUCUTION AREA 
TCR? CLLb1@ GET NUMBER OF BYTES FOR OPCODE 
PSAVE PAFIIF SET PROSRAM COUNTEP IM H=L ASAIN 
al FEGI SEE [F ONE BITE INSTRUCTION 
HFb CAESIO IF SO, UPDATE PSAVE 
e? FEZ SET Z FLAG - TWO BYTE INSTRUCTION 
H z FOINT TO SECOND BYTE 
A M Ve FETCH TRE SECOND BITE 
ECPI SZD11F STORE IN RAM EXECUTION AREA 
Np CABSIP 2 SET IF TwO BYTE INSTRUCTION 
E 23 POINT TO THIRD BYTE 
A È 7E FETCH THE THIRD BYTE 
EOP 3zD21F STOKE IN RAM EXECUTION ARBA 
H a? INCREMENT TO PROPER VALUE 
FSAVE 22FLLF STORE NEw PROGRAM COUNTER 
EOP SADCIF GET THE OPCODE BYTE AGAIN 
H COTBL 21261? SET B-L TO BEGINING OF OOTBL 
as @6@5 SET COUNT OF NUMBER OF ENTRIES 
TACEK CDO711 SEE IF IN TABLE 
ca EEC@ MUST NOT BE, GET RIGH OCTAL PART 
ca FECQ SEE IF iT IS TRREE 


CalS31 JUMP TO SYSTEM TYPE OPCODES IF SO 


1? CE J7 
DLEA ETE EE EEE EEE DE E E EE EEEE EEEE EE EEE EE EEEE EE EE E 


jd NORMAL AESISTER AND STACK POINTER RESTORING SEQUENCE 
CR EE DEEE EET EE HELEN RE SS OEE HE TEHAESS CHE EEEEEHESHSESERESHSEOESSSOROSSOESEED 


12CE EXCTC POP 
rece POF 
1acd POP 
ECE LELI 
12E SPAL 
1eL? LRLD 
lent JEP 


PSW Fl RESTORE PSt 

È € RESTORE B-C 

3 n RESTORE D-E 

EEL LES ZADFIF GET VALUE OF STACK POINTER 
Fy RESTORE STACK POINTER VALUE 

LSAVE PADEIF RESTORE A-L 


TOF C2D@1F EXECUTE THE OPCODE 


a 


SORSEPER SESE SARE ADESCKRAARSEASS SCHTHSTHESHSEHESOAASSSERESSOSESSESEESESCHSE SHOR OCEH 


RETURN NUMBER CF BYTES FOR OPCODE 


> h ~ HAS OPCCRE OK ENTAY AND SYTE COUNT OW EXIT 
CO OD OREL OEE EHETESOEDEOLEFS FON ETTE TTT ETETETT TEE EE RES 


lees TERT Lki 


IZLE CPI 
OLE at 
IFE? Lx} 


E ELTEL 21751% SET 1ST PART OF OP COUNT TABLE 

4a Fav SEE IF LOW PART OF OP COUNT TABLE 
FARCH LAEI [f SO NEED TO LOOK UF THE COUNT 

4 CETEL PI4£1? GET SECOND PART OF OPCOUNT TABLE 
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Listing 1, continued: 


tei? coi ce tec? s E [F ZNO PART OF OP COUNT TABLE 
17i INC  FAĶCA DEFIA LF SO SEED TO Luce UP TRE COUNT 
izes “qT ok a SEP] IF ROT, COUNT MUST FE 1 

IPEA AFT CP Ani BO MORE T^ DO 

LPEE MANCH CPE 4 Fees SEE IF LESS THAN OR EQUAL TO 2 

1P EL ae LEE?? Dabrie IF £0 EXTRACT THE BYTE 

aR OT 4 2I POINT HE TL SPAT FEYTE 

len try vra Raed  ENRTRACT 4 FROY ACCUMULATOR 

TEN JMP O FARSS COEEIY TEY AGIAN 

tere FREYT DRA A +? CET FLAG EF A EUETRACTED To ZEFO 
Lak? RL a DGUALE VALUE IN A 

ais Muy È s 47 SAVE A IN P 

rar KONO A r “i GET BYTE OF OPCUUNT INFORMATION 
Leth M7 ESTE» TAPEII FXTRACT DATA IF ? FLAZ=) 

P2FL ALCte RLI “7 ROTATE ACCUMULATOR LEFT ONCE 

1v Ft DIF e ~- ORE LESS FOR P 

Pi Je? ELGI TiF CVO RCTATE SOME PCRE E NOT ZEPO YET 
1122 FETON RLE 7 ROTATE VALUF TO hit e 

Lipo BLE a AND TO BIT I 

1104 ASIO Pa EEBS PASH OUT REST CF BYTE 

LIPF LET ca TPCODE BYTE COUNT IS NCW IN A 
SRSESTO CAL EE SEER HAHE HHH SEEHS HEADEEHSEHSSHESESSHSSHESFSEUSSORS ROSES ESHER EES 
° CHECK TAELE FOR PYTR AXD JUMP TU CORRESFOSDING ADLAESS . 


PIVITITSVICI ITI TTT Ee TTT IT ITT IVT iti ti LETTI TTT TTT iii iri titi iri tiiiir iit) 
117 TESOL PNG F C4 TNCHEMENT LOOP COUNTER 
Lies TECI ocd È z OFCREMENT LCOF COUNTER 


lise db CE IF BOIS 2€80, BYTE NOT IN TABLE 
11h CMP M FF FE IF RYTE IN TABLE 

atk J TESS Cat411 IF SG, THEN NEEL ADDRESS 

lite ind ï r2 EKIP CATA FITE 

LIE th 7 2I ANL Sf]F TEE Two 

lie Th} kd 2? EUBEE4UFNT ACDRES> EYTES 

that Jee TRC CSAALL GC THF LOOP AGAIN 

1114 TiC: Pur T Dı RESTORE STACK POINTER 

111: Tay E «2 FOINT TO Low ORDER ADDRESS GYTE 
11lé IMP HLINP C211 GET ADDRESS AND MALE JUMP 


SPATE ER AES S REDE HSHERFORTEREE RTE SESE HESS EHR ERTOSSHSESAHRSHSTS OASTEHES 


* STSTER TYPE OFCLDES--Rlos OPLER OCTAL PART IS 3 . 
. A JUMP 13 FADE TC THE APPROPRIATE ROUTINE CONSISTENT e 
* MITE THE FOLLCeING OCTAL CFGANLAZATION OF THE GPCODE s 
+ b 
+ HETYF. EXCYC , BRIYP Err . CALTY . EXCYC . FICYC .RSTTT a 
: b 
* 3a Bl 31z 12 Iu SXF MIF 317 e 
La PeontetsSatePses obat Buantastsasoaurannaneerneneenperan » 
* PH Par + INZ . IMF ČN? PUSH & 401 RSTA d 
. R2 FET a? -=-= Cz . SALE acl RSTI * 
s AKC, -=+ anf . OUT One PUSH f sul EST2 * 
. RC POPA Je IN ec .o SEI AST . 
. RPO PERL JPO - UTHL . CPO PIEH y asl R5ST4 . 
. RFe . FOF Y JPE a CRS . CFE a =e Mel RSTS . 
* AP PoP P JP Dl cP FUSE P CRI RSTE s 
. AM SPRL ds FI . T5 -=-= cP AST? s 
a b 
. SOTE . 
. omPp, RET, SALL, AND PCAL SAVE SEEN ELIMINATED bd 
id FROM CONSIDERATION AT TEIS POINT * 
Bh PRAES RASA AREASKEKHSERHEA CEASA HSSEELORSE SAE SES SHRSESERSERERE SESE HDS OBESE EED 
1119 SYSOP LII 5 SYTPL 211512 GZT START OF SYTEL ADDRESS 

phic LEA = EXCF ZAD@IF GET OFCCDE 

L11F ANT e7 ESE? GET Löw CRDER OCTAL FART 
SR EARTAESEESE SOE E EE SEESEE EE OP ESSERE EH SADE ES EPESETO RES ECR RENE AREAS 
a ESDIRECT JUMP COMPUTE ROUTINE bd 
LEEELLIZEEEELELELESEEELEETEETESEEEKITETETTEZLALTITELLETLLLELILEETTETILSLTLE] 
IZL IAJĦP ADT A a7 MULTIPLY BY TWO 

bilge ROY o£ A EF SET UF FOR COPPUTIAG 

1123 myI bD 2e 1€@2 TBE OFFSET 

197E DAD D 15 COMPUTE TAE OFFSET 

tiig FLSSP MEY E g SẸ LOW ORDER ADDRESS 

ic? IKI E 22 POINT TO SIGH ORDER ADDRESS 

Lick “og D - 5€ RISB ORDER ADLRES 

£126 Keds a “OVE TO H-L 

LILA PCHE ES MARE THE JUMP 

SORE HOT OT EST HFOS EEE HOOSD EC ERE TORT SHTT HOKE SEEERETHEARAASEEOHESEADEOEDS SED 
. INSTRUCTION SIMULATION ROUTINES . 
SO RHARE THRESH SSH RE EETHT ES SRHEROEHHAASHEATRARADTASOSOKOCEHEEHRAHEREHERE RED 
Llib PCE  LE=2  LSAVE 2ALELF GET ORIGINAL VALUE OF B-L 

eras CELE FSAVE 23b11F UPDATY PROGRAM COUNTER 

112 sep FINI C372) FINISBED 

1134 ANTYE LELT ExGP1 TAD11F SFT USER'S JUMP-TO ADDRESS 

1177 L CHS Eb FASS IN D-E 

113- Lit E SPESS 2135614 SUCCESSFUL JUMP ADDRESS 

LITR JMP BESE CO@E1} COMPLETE BRANCH OPERATION 

LIIE JPFSC LULC “STCF FADGIF GET JUMP ADDRESS Face MSTC? 

1141 EHLI FSAYE 2cEl1F STORE THE ADDRESS 

1144 ISP FIRI cI Dla PINISPED 

Pha? CALTY LELI FROFI TADIIF GET USER'S CALL ADDRESS 

Lida X CHG Et PASS YN D-E 

1145 a fi CAISE 217511 SLCCESSFUL CALL ADDRESS 

124F BASB SALb EXPE 22D11F AFPLACE JUMP ADDRESS ITN AAM 

116l ICHG EB PASS USER'S SAVED ADDRESS IN B-L 
115Z SMF PLES COS811 RESTORE FLAGS AND EXECUTE 

1126 AFTYP Lal a ATSC 216431 RETURN SUCCESSFUL ADDRESS 

116E FLAS POP FSb Ft RESTORE FLAGS 

11:9 PUSH PSt FS RESTORE STACK POINTER TO MSTCE 
15a Puk B EE PUT USER“S ALDRESS AT MSTCK-2 
Y1°E LXI H FINI 217D10 SET RETURN POINT 

112E SHLC  EXOP4 e7D4a1P POR UNSUCCESSFUL CALL/RET 

1161 JME EX OP COEWIF EXECUTICN STEP 

ied RTTST LALD SSAVE 2RDFIF CET ORIGINAL STACE POIATER VALUE 
Lin? SPRL FQ RFSET STACK POINTER TO THIS VALUE 
iire PoP E El RETURN ADDAESS ~- ORIGINAL STACI 
Lit IMP Sa¥ES CEC) UFCATE FSAWE AND SSAVE 

Vien RSTTY LUA EROF SALPIF GET OPCODF 

Lick ANE 26 Eul EXTRACT MIDDLE ORDER OCTAL PART 
1171 woy L h EF YRICH IS LOW ORDEA ADDRESS 

1172 “yy È ee 262e FILL B WITR 8'5 

1174 vst g re SAVE AT PSTCK-2 

117: CALSC LHLD SSAVE QaLPIP GET ORIGINAL STACK POINTER VALUE 
1178 SPRL rs RESET STACK POINTE TO THIS TALUE 
1376 LALDT PSAYE 2AFì1F JET RETURN ADORESS AFTER CALL 
117¢ FISH E gt FUT ON ORIGINAL STACK 

1191 LHL MST? ADELE JET ORIGINAL CALL ADDRESS 

LiG@ SAVPS SL PSAVE ZEPIIF LEDATE FSAVE TO CORRECT ADDAESS 
1153 LI | rere 21er? FILL H-L WITH @7S 

Lise Dab SP 219 CET VALUE GF STACK POINTER 

LIE? SALI SSAavE 2cLbiF SAVE - NEw VALUE OF STACI FOINTER 
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tion. Furthermore, all these branch type 
instructions have about eight other varia- 
tions depending on flag conditions. Sa we 
must: 


Save the original address. 

Substitute our own address. 

Restore the flags. 

Decide whether we branched or not, 
and take the appropriate action. 


wna 


The appropriate action is: 


1. Update PSAVE depending on 
whether the branch occurred or 
not. 

2. Update SSAVE depending on 
whether a stack operation occurred 
or not. 


Note that the instruction PCHL (replace 
the program counter with value in H and L) 
needs special treatment. A halt instruction 
should not be executed! 

This necessitates a lot of branching 
around depending on what we have to do. 
The code may take some study to under- 
stand. The entry point is at 1000 hexa- 
decimal (all numbers are in hexadecimai}. 

Upon entry it is assumed that PSAVE is 
Set to the starting address. Space is provided 
for a jump to a user-defined display routine 
and to return to the user’s monitor. The 
reentry point is at SSTEP. The ORG for the 
programmable memory execution area 
allows about 30 bytes of an auxiliary storage 
area after the register save area and before 
the end of the 1 K byte block of memory. In 
practice, the setting of MSTCK controls the 
register storage location. 


Author's Note: 


The program in listing 1 has been written 
for use on the 8080 microprocessor based 
Hewlett-Packard 2649A terminal. This is to 
be used in conjunction with a disk storage 
system as the controller for 40 point of 
sale cash registers of a large department store 
chain. That is my professional interest. 

This code was adapted from the original 
(and well debugged) source code. It should 
work fine. it is in a somewhat nonstandard 
Intel 8080 assembly code format. There are 
a few abbreviations and fixed format. Mostly 
{ wanted to present some of the concepts 
that are involved. 

i have an IMSAI which I am configuring 
from the ground up. The whole monitor 
with display, change, go, single stepping 
and breakpoint commands takes about I K 
bytes of memory. m 


BUSS 


The independence of fc0cc is a crucial factor in 
its significance to users (and prospective users) 
of Heath Co. computers. Information on new prod- 
ucts is presented to sus: readers as it leaks cut 
of Benton Harbor, not held back te suit the plans 
of the manufacturer. This has been true from its 
first issue, which directed attention to the 8080 
and LSI-11 months before any advertising appeared 
on the H8 and HII. buss features candid accounts 
of owners’ experiences with their computers--this 
1s far more valuable than an article based on the 


The Independent Newsletter 
of Heath Co, Computers 


Circle 32 an inquiry card. 


BUSS 


opinions of a single reviewer. It shares news of 
compatible hardware & software from other vendors 
as well as reviews of books that can help you get 
the most out of your computer system. 

Every issue of Buss travels by first class mail 
{outside North America it goes by air for only $2 
extra). Your 12-issue subscription can be on its 
way to you within a week. You have the choice of 
starting either with the latest issue or with all 
available back issues. Send $7.50 to Buss, 325-B 


Pennsylvania Ave. SE, Washington, DC 20003. 


Solution to Machine Language Puzzler (sec page 52) 


The subroutine calls itself, and an infinite 
loop is set up that is exactly one instruction 
in length. Each time the CALL is executed, 
however, a return address of 0000 is pushed 
onto the stack. As a result of the LXI SP, 
FFFD instruction, the stack area will begin 
immediately adjacent in address to the 
CALL (recall that PUSH causes stack data lo 
enter one address below that of the current 
stack pointer). Furthermore, the stack will 
grow away from the address of the CALL 
instruction. 

At first, the LXI instruction code will be 
replaced by Os, which is the value for each 
byte of the CALL’s return address. As time 
progresses, two bytes at a time are cleared 
as 0000 return addresses are repeatedly 
pushed. 

Eventually, all memory lower in address 
than the CALL will be cleared. When the 
stack attempts to grow below address 0000, 
it will wrap around to the top of memory 
and begin to affect the CALL instruction 
code. Since the last byte of each push enters 
an odd address, a byte pair constituting the 
0000 return address will enter at hexa- 


DAM 


DATA m 
ACQUISITION hy iy] 
MODULES -5 


MEASURE - RECORD - CONTROL 


TEMPERATURE 
DIRECTION 
PRESSURE 
LIGHT LEVELS 
di 


GREENHOUSES 
SPEED 

WEATHER STATIONS 
NOISE POLLUTION 


b 
POLLUTION CONTROLS 
DARKAQOMS 
HUMIDITY 
LIGHT 
JOYSTICKS 


pH 

EARTHQUAKE TREMORS 
VELOCITY 
ACCELERATION 

GAMES 


Cirele 77 on inquiry card. 


decimal addresses OOOO and FFFF, respec- 
tively. This action changes the high byte 
of the CALL address. 

The next CALL will then be to address 
OOFD. Since 0s have been written in all 
other memory, the processor will execute 
NOP instructions until address FF FD, when 
one final CALL will be executed. This time, 
the last two remaining bytes of nonzero 
code {the CALL instruction code) are over- 
written with zeros. Henceforth, starting at 
address FFFD, the processor will cycte 
through memory in NOPs, forever. In short, 
all memory is cleared and the processor 
hangs up. 

The same operation occurs as in part (a), 
except when the NOP instructions are 
executed. We assume, as is typical of most 
machines, that uninstalled memory returns 
hexadecimal FF when addressed. In this 
case, FFFD and FFFE are not cleared, 
because FF, when executed, causes a RST 7. 
Now OTOT as a return address to RST 7 is 
pushed repeatedly, and eventually LXI B, 
0101 is executed forever in a loop between 
hexadecimal addresses Q000 and 0102.8 


YOUR COMPUTER 


AIM161 STARTER SET 


NOW YOUR COMPUTER CAN LISTEN TO THE 
REAL WURLI You GET 16 & BIT ANALIK: 
INPUTS WITH OUR AlMic 


AIM 164 


ENERGY CONSERVATION EQUIPMENT 


CONNECTICUT microCOMPUTER 


T50 POCONO ROAD - BROOKFIELD, CONNECTICUT GOGA 


F203) 275-9659 


16 ANALOG INPUTS 
a BITS 100 MICROSEC 


POWER MODULE 


INPUT CONNECTOR . 20 FINS 


` SOLDER EYELETS 


OUTPUT CONNECTOR - 18 PINS 


SOLDER EVELETS 


"169.00 
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Figure l: Calculation of the mean of a set of data, Using this method, the 
data values are used twice: once for input and the second time for summation. 


Elements of Statistical Computation 


Figure 2: Second method 
of calculating the mean 
of a set of data. The data 
is examined only once and 
it does not need to be 
stored, 


The method is wasteful of both time and memory. 
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The mean (average) is a frequently used 
statistic Lo summarize a set of data. It is used 
to report a typical value. For example, sup- 
pose we surveyed five automobile dealers 
and asked the price of the super luxury 
model car. The prices quoted for the car are: 


Dealer Price 
| $48 499 
2 $48,503 
3 $48,500 
4 $48,498 
5 $48 500 


We could report the average price as: 


(48499448503+48 500+48498+48500) 
5 


The sample mean price is $48,500. 

The mean is defined as the sum of the 
values divided by the number olf values, 
This can be written using the symbol = (the 
Greek capital sigma) to stand for the result 
of summation. The average of N values is: 

mean = ty 
N 
The sigma indicates a sum over all the data 
points. 

Let’s look at two algorithmic flowcharts 
for the calculation of the mean. The first, 
figure |, reads all the data and stores it in 
array X. Next, il sums the values and per- 
forms the division. The second flowchart, 
figure 2, takes advantage of the fact thal we 
really do not need to keep the values in 
memory to form the average. Each value ts 
added to the total sum as it is entered. The 
program loops through the data once rather 
than twice. The second method is more effi- 
cient because it uses less memory, is faster, 
and uses fewer instructions. This difference 
in efficiency may not be critical when only 
five values are being averaged, but when 
many observations are involved, the impor- 
tance increases. 


10 REM FIRST PROGRAM TG CALCULATE THE MEAN 10 


20 DIM X(5) 
30 LET N=5 
40 LET S=0 


50 FOR I=1 TON 
60 INPUT X(I} 
70 NEXT | 

80 FOR (=1 TON 
90 LET S=S+xX (I) 


30 LETN=5 
40 LETS=0 
50 FOR 1=1 TON 


60 INPUT X 
65 LETS =S$+xX 
70 NEXT I 


110 LETM=S/N 


REM SECOND PROGRAM TO CALCULATE THE MEAN 


120 PRINT "THE MEAN IS"; M 


100 NEXT I 130 STOP 
110 LET M=5/N 
120 PRINT "THE MEANIS”:M *RUN 
130 STOP 748499 
748503 
*RUN 748500 
748499 Eai ?48498 
748503 Listing 1: BASIC program 748500 
n to perform the algorithm THE MEAN IS 48500 
748500 given in figure 1, Note the 


THE MEAN 15 48500 


There is another difference worth men- 
tioning. A noticeable pause between the 
entry of the last value and the printing of 
ihe average may result when the program in 
listing 1 is run, since the calculations are 
concentrated at this point in the program. 
Since the program in listing 2 does the sum- 
ming after each data entry, the effect is a 
quick final response. Of these two methods, 
one is more efficient even though both 
would give the same answer. 

There is another statistical calculation in 
which we can casily obtain the wrong answer 
unless we are careful. The average of a set of 
values gives only part of the picture. You 
may have heard of the man who drowned in 
a river that had an average depth of two fect. 
He happened to be in a section that was 
12 feet deep, The moral is that we often 
want to know how much the values vary 
from the mean. This is commonly reported 
as the standard deviation. The usual symbol 
for the mean is X (read this as “X bar’’) and 
the standard deviation is abbreviated as the 
letter 5. It is also convenient to have a name 
for 52. It is called the variance, and its defin- 
ition Is: 


bho 
i 


= Ge (x-X)? 


w 


where N is the total number of samples 
taken. It follows, then, that the standard 
deviation fs: 


sai gh (X-X)? 


The sigma (È) once again tells us that we 
are to perform a sum. This time we sum the 


storage of data in array X. 


deviations from the mean after we have 
squared them. That is, for each value we first 
subtract the mean. Next, we multiply the 
difference by itself to form its square. We 
add these squared differences for all the 
values and then divide by N—1. The last step 
to obtain the standard deviation is to take 
the square root of s*. It is calculations like 
these that make statisticians appreciate 
computers. 

Before we move on to programs for the 
calculation of the standard deviation, let us 
work through these calculations for our 
example automobile prices. Remember that 
the average price was $48,500. The price 
from the first dealer was $48,499. The first 
dealer deviates from the mean by (49,499— 
48,500) or —1 dollar. The square of this 
deviation is 1. That is the first part of our 
sum. The squared deviation from the average 
for the second dealer is 9, and so on. The 
sum for all five dealers is 14. When we divide 
by 4 and then take the square root, we 
obtain a standard deviation of 1.87. The 
smaller this value, the closer the set of obser- 
vations are to their mean. A large standard 
deviation tells us the data varied greatly 
fram observation to observation. A standard 
deviation of zero says that all the observed 
values were equal to each other. 

If you were to go Lo a statistics book you 
would probably find another formula for 
this calculation which is sometimes called 
the computing formula. This method of cal- 
culation uses the fact that È (X—X)? is alge- 
braically identical to © X2—NX2. This tells 
us that we can calculate the sum of the 
squares of the individual values without sub- 


Listing 2: BASIC program 
to perform the algorithm 
given in figure 2. it is faster 
than the program in listing 
7, since it uses the data 
only once. It also uses tess 
memory space since the 
data is not stored. 
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tracting the mean each time. We can multiply 
the square of the mean by N and subtract. 

Mathematically these two formulas give 
the same answer, Awaericaffy they are 
different. Why? They differ because our 
computers do not store or calculate numbers 
perfectly. If each number is stored in our 
computer in four & bit bytes, or 32 bils, we 
have about 7 digit accuracy for any single 
step in our calculation. The second formula 
lets the errors accumulate. This fact is not 
considered in the mathematical proof. 


16 REM POOR PROGRAM FOR CALCULATING THE 
15 REM MEAN AND STANDARD DEVIATION 
20 LET N=*5 

30 LET S=0 

40 LET S2=0 

50 FOR I-1 TON 

60 INPUT X 

70 LET $=5+X 

80 LET S2=S24+x"X 

90 NEXT | 

100 LET M=S/N 

110 PRINT “THE MEAN IS"; M 

120 LET D=N'M’'M 

130 LET V=($2—D)/(N—-1) 

140 LET S=SORT(V} 

150 PRINT “THE STANDARD DEVIATION IS 7; S 
160 STOP 

“RUN 

748499 

748503 

748500 

248498 

748500 


THE MEAN IS 48500 
THE STANDARD DEVIATION iSO 


Listing 3: Incorrect program for calculating the mean ond standard deviation 
of a set of data. This program correctly calculates the mean but arrives at an 
incorrect value for the standard deviation. 


10 REM REASONABLE PROGRAM TO CALCULATE 
15 REM MEAN AND STANDARD DEVIATION 
20 LET N=5 

30 LET S=0 

40 LET S2=0 

50 FOR I=-1 TON 

60 INPUT X 

65 LET D=X—S 

70 LET S=S+D/I 

80 LET $2=$2+D* (X_-S§} 

90 NEXT | 

110 PRINT “THE MEAN IS" ;S 

130 LET V=S2/(N—1} 

140 LET S=SORT(V) 

150 PRINT “THE STANDARD DEVIATION IS "; 5 
160 STOP 

"RUN 

748499 

248503 

248500 

748498 

748500 


THE MEAN I$ 48500 
THE STANDARD DEVIATION IS 1.87083 


Listing 4: Accurate program for calculating the mean and standard deviation, 


184 


January 1979 © BYTE Pubtiċations tac 


Why is this second form given in books? 
First of all, some calculators work with 
more digits than many personal computers. 
Secondly, it is much easier and faster than 
using the formula for the definition. The 
Hewlett-Packard HP-21 calculator shows 10 
decimal digits, as does the Texas Instruments 
§R-52. They can afford the luxury of round- 
off error that seriously hurts those with 32 
bits. Before we show how we can almost gel 
the best of both worlds, let us look al the 
numerical results of using this calculating 
formula on computers in which cach number 
is kept in four bytes. (The IBM 370 single 
precision and many microcomputer BASICs 
are just Lwo common examples.) 

The program in listing 3 correctly gives 
the mean as 48,500. The standard deviation 
is computed to be 0. This ts incorrect. All 
the prices are not equal to 48,500. Several 
books of BASIC programs include the calcu- 
lation of the standard deviation. Those | 
checked out give the wrong answer for this 
sel of data. 

We know thal we get accurate results tf 
we first calculate the mean and use the dif- 
ferences from it in our calculation of the 
standard deviation. But we would like to 
avoid keeping all the data values in memory. 
Another alternative is to enter the data 
twice, but this seems unreasonable. A com- 
promise between the two calculating forms 
thal is not very sensitive to the accumulation 
of roundoff errors is available. The principle 
is to calculate a provisional mean as cach 
value is entered, and to square the deviations 
from this mean. 

The program in listing 4 reports the stan- 
dard deviation for this set of data correctly 
as 1.87. This program is not as obvious as it 
may look. Notice that line 70 has a division 
by | and net N in the calculation of the 
mean, Line 80 also has a little trick. The 
product of D and X—S is not D*D, because 
S has been changed since D was last calcu- 
lated. If you have trouble working through 
the algebra, put print statements after lines 
65, 70 and 80. 

While writing statistical programs for 
microcomputers, | have been reminded of 
several important facts | hope you will keep 
in mind. Good programming takes thought. 
We must balance several factors: speed, 
accuracy and memory requirements. Algebra 
is an essential tool, but we must remember 
that our machines have finite precision and 
adjust our program accordingly, A small 
machine can be quite potent, given adequate 
software, m 


í Short Cassettes for Personal Computers 


Lise $1.00 i0ferS750 50 fos $32.50 


| icrosetTEco. \ 
777 Palomar Ave. - Sunnyvale, CA 94086 


Duplication Services 


Microsette also offers professional 
duplication services for Commo- 
dore PET and Radio Shack TRS-80 
Level I and Level I] cassettes. Our 
service provides mastering, quality 
control, all material including two- 
piece box, affixing of your labels or 
supplying our blank labels and ship- 
ping. Prices start at $1.00 each in 
100 quantity. 


MICROSETTE CO, 
777 Palomar Ave. - Sunnyvale, CA 94086 


Circle 229 on inquiry card. 


Z280 
ASSEMBLER 
PACKAGE 


for North Star HORIZON using full 

set of ZILOG mnemonics. 

[1 EDITOR -— generates and adits 
source code with comments 

(2) ASSEMBLER — generates opcode 
and Jinks subroutines 

(3) LOADER — generates and loads 
binary code 

Short or long programs can be processed 

by the file oriented package written in 

North Star BASIC (Release 4}. File 

handling, string insertion and deletion 

and table searches are implemented in 

Z80 machine code for a fast operation. 

Diskette and manual with full pro- 

gram listing in BASIC and 280 

commented assembler: 


$35. 


NEMCO DATA PROCESSING 
9 WALNUT STREET 
RUTHERFORD, NJ 07070 


Circle 269 on inquiry card. 


V micro software ~ 
DEVELOPMENT 


THE COMPANY: Fastesi growing 
commercial systems manufacturer in 
U.S. 1978 sales in excess of 150 
million. 

DUTIES: Design, code & debug 8080 
assembly programs for interactive 
graphics, text editing, diagnostics, and 
other applications. 


REQUIREMENTS: One or more years 
assembly development exp. with any 
hardware. Degree a plus. 
COMPENSATION: 16.5K-28K. Excel- 
lent benefits. 


GROWTH: Company has promoted 
over 50% of employees in last 4 years. 
CONTACT: Dave Adams, (617) 246- 
2815. N.E. Recruiters, 6 Lakeside 
Office Park, Wakefield, MA 01880. 

All fees, relocation and interviewing 
expenses assumed by company. 


SPECIAL PROMOTION SALE 
SAVE 10%, 15% or more on ALL 


Computers, Peripherals, Software, [| 


and ALL other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship- 
ments. 

FREE Surface delivery in U.S. 

WARRANTIES will be honored 


by your local Radio Shack® store. 


Offered exclusively by 
Radio Shack” 
Authorized Sales Center 
1117 Conway 
Mission, Texas 78572 
(512) 585-2765 


eee) 
VISA" 


Circle 304 on inquiry card. 


PROGRAMMING 
CONTEST! 
MICRO-PUZZLE NO. 2 


LY PRIZE FLOPPY DISK SYSTEN OR $3000 CASH 
2h PRIZE- FLOATING POLST BOARD Of $400 CASU 
FA PJE- AUNIO INTERFACE NR £200 TASH 


èy PGD D oya IML P ZL} CARIE 
r SUE FUME abt RE 
}oMb ote yA 
tnis i gy WE e a 
‘beet T FOR COMMUTE 


LE. 
a WINTRY ARE DETLEMINiN ometr on Y 


ARL PIY TO GEI TRE HESHEST GHORE IN ABQUT 
i MONTHS TENE. NER SY pprt ARE yow Son, 
For estry form ans oftycia) twies seml 
a self odttresacd stanpist wavelapr toi 
MICRO-PUZZUES ret & TRI lantasoupe Ave. 


Circle 227 on inquiry card. 


OMSI PASCAL-1 


All PDP-1is $1500 
RSTS/E, RSX-11, RT-11, and IAS 


2340 SW Canyon Road 
Portland, Oragon 97201 


TWX 910-464-4779 (503) 226-7760 


Circle 291 on inquiry card. 


tek 


Sanyo monitor model 
VM4 209 $109.95 


ASR 33 Teletypes 
Used — Good conditions 
$395.95 


Terminal kit... .$549.99 


All items shipped with war- 
ranty and are postpaid. Please 
allow 44 weeks for delivery. 
Florida residents add 4% sales tax. 

Send check or money order to: 


tek peripherals 


5110 S.W.106 Avenue 
Miami, FL 33165 


Circle 349 on inquiry card. 


MICRO-VERTER | 


Operates above the switching harmonics of the computer, 
thereby yielding 2 cleaner, worm-iree picture, Tunable 
over a minimum of 4 chanoets. (nieriaces doractiy with 
The Apple H 33 well as most omer micros, Gomes with 
video cable and AF autput stub coupler. Two-toned cowl 
Type decorator cabinet, Size: 5.50m x O,5em a (iSem 
Power: +5¥. Current approx, t ma. Seli-powered with d 
pencell battenes. Operating ite in excess af (000 heurs 
ae gear thelt-lte of bartering. Excellent stability, Precise 
bequency adjustment, Mo assembly required except for 
lnstallaliaa of batteries, nov supplied. MODEL M¥X-600, 


AVAILABLE FROM YOUR LOCAL COMPUTER DEALER 
or diret? fram ATY RESEARCH. COST including shipping 
anywhere th USA and Canada — $35.00. 


PILE PLESER An iT type Hetete RT monre 
MAAA PM bia subcarrier. calor subcarner ang 
separate R-Y and B-Y inputs. Designed around the 
LM-1883 chip, A designers dream with fall data cheats. 
Model PXP-Q500, Kit form, $24.90 pesipaid. 
“PIXE-VEATER"' The oripa) computer videe-te-RE 

interface module. Kit form: 09.50 Model PUYADA 


PUONE si RITE FOOSY, GAL A-SHI-JTT) 


— r |, 
YB Broadway ATY Aeesaret) paniy Aew- 
— 9p a 


only 


$649.95 ! 


Verbatim Mini Diskettes $3.70 
each (boxes of 10) 

Two-tier walnut formica anclo- 
sure for SA-400 Shugart. . . 539.95 
Typewriter Ribbons (many makes 
such as Diablo, Centronics, DEC 
and print wheels) 

North Star check balancing pro- 
gram. . .$50.00 

Centronics 779 tractor — $950 
Horizon II ass. $1000 — $1999.00 


A TORA SYSTEM 
E 29-02 23rd Avenue 
Only, Astoria NY 11105 

{212} 932-3533 


Circle 346 on inquiry card. 


Figure 7: A logic probe 
test circuit, The probe has 
an audio output with two 
different tones, one for a 
high logic level, the other 


PROBE © 


for a low logic level. Two 
LEDs monitor both single 
pulses and pulse trains. 


James L Woodward 
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Number Typa 


G1 7474 
IC2 555 8 1 
Ics 7400 


SPEAKER 


An Audible Logic Test Probe 


Most logic probes require the placement 
of a point on the lead to be checked and the 
surveillance of a light emitting diode (LED) 
indicator. In a well-lit room, this is some- 
times difficult to interpret and often re- 
quires three hands. The probe offered here 
has an audio output that is off when the 
probe is floating, emits a low tone for a 
low state, and a tone one octave higher for 
a high state. Pulse trains and single pulses 
are monitored with a pair of LEDs, and the 
probe can be anything from a rough length 
of wire to a lead clip; none of the values 
are critical. 


Construction 


For use as a simple state checker, the 
construction is completely noncritical. 
However, if the circuit is to be used to 
measure high frequency circuits, it should 
be built using good technique, with plenty 
of bypass capacitors on a good quality 


board. Note that there are audio frequencies 
to be bypassed as well as high frequency 
information {a couple of capacitors in the 
microfarad range across the power supply 
would be wise}. Practically any NPN transis- 
tors will do in the circuit of figure 1. 


Theory 


The timer, 1C2, is wired to produce a 
pleasing tone frequency for the high state. 
This is divided by two by IC1b for the 
octave-lower low output. With no voltage on 
the probe, the 330 22 resistor on the emitter 
of the transistor holds pin 8 of IC3c high, 
despite the audio on the other input. 
Similarly, pin 2 of IC3a floats in a high state. 
The signal is inverted by IC3a and holds the 
output of IC3b high. With both inputs high, 
IC3d is low and, while a small DC current 
flows through the speaker, no sound is pro- 
duced. A high level on the probe has no 
effect on IC3a and IC3b, but allows the 


transistor to conduct, thus forcing pin 9 of 
IC3¢ high and allowing the audio frequency 
through in inverted form (the inversion is 
irrelevant in this application). Since the 
other input of [C3d is high, the audio goes 
straight through to the speaker. A low on 
the input probe produces the complemen- 
tary effect; being inverted by IC3a, it allows 
IC3b to output the low frequency from the 
divider, which goes through IC3d and the 
speaker. 

Having half of a 7474 flip flop available, | 
decided to add a simple pulse catcher and 
pulse train monitor. 1Cla is also wired as a 
divide by two, with both outputs going to 
LEDs. A single pulse will change the states 
of the two LEDs (as will a loose touch on 
the probe, so better use a clip for this), while 
a train will light them both. Technically, the 
duty cycle of the pulse train affects the 
relative brightness of the two lamps and the 
combination of the two audio frequencies, 
but | doubt that this is useful in a real case. 
However, the audio frequency shift is a 
rapid indication of the presence of a non- 
Steady state. The logic of the divide by two 
pulse catcher may be extended by cascading 
several counters to divide the frequency of a 
fast pulse train down to the point where it 
could be mounted by eye, stopwatch, or 
frequency counter,# 


Circle 70 on inquiry card. 


You’ve Got to Have 


SOL 


NOW!!! Computer Enterprises is 
an Authorized Processor 


Technology Dealer! 


SOL-20 
PT-SOL-20: 


PT-SOL-1-A: 


PT-SOL-3-A: 


SOL-20 Terminal Com- 
puler with SOLOS and 
Cassetle BASIC, ‘1895.00 


SOL System l-A Inclucles all 
of above plus 16K RAM, 
PT-872 Video Monitor, 
RQ-413A Cassette recorder 
. 2495.00 
SOL System I-A includes 
SOL-20, 64K RAM, 
BOOTLOAD, Helios I) 
model 2 Dual Disks with ex- 
tended Disk BASIC. 
PT-872 Video Monitor 
veritas ee es 6495.00 


P.O. Box 71 
Fayetteville, N.Y. 13066 
(315) 637-6208 
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Hr x i aw 4s * 
ms a a” h won woe oad ad he 


— 
+, 
* 


iY RLivtd& Fte “ 
yee ; 
SYE Pus 1 
PRESENT Sia oige 
oe ee LIPA d H, Ji l-E o 5 
tHE 


3z 


> 


J rit 
ee oe tM. 


à 


EEN 


rU = 


PORER AE PTOS 
Te tè- acta eb sta 
ele PR BLO 


3 »» 
riafa Peary -l Ferara 


Epp Samed 


The world’s only 
single-chip LSI Universal 
Printer Controller is here! 


The vary low-cost 40-pin CY-480 controla ANY alandard 5 x 7 dot matrix 
printer with print speeds up to 200 cps) The CY-480 Universal Printer 
Controller trom Cybametic Micro Systems is the lirst—and only-—-40-pin LSI 
device which will control and Interface any standard 5° x 7” dot mainx printer 
finciuding those from Victor, LRG, Practical Automation and Amperex)} having a 
pont speed up to 200 cps. It operates from a single +5V power supply and will 
interface a printer with microcomputer or minicomputer syslem hoan 
standard 8-bit ports. The CY-480 accepts either serial (RS2320) or parallel ASCII 
input from the host system's data channel, 

The CY-400 replaces bulky, expensive dedicated controllers. The small, 
single LS! package oers a 5 x 7 dot malrix character ganeralor, full upper and 
lower case ASCII @6-cheracier tont, and a 48-character (expandable } 

internet line buffer storage. Standard are a 10, 12 or 16 characterstinch vanable 
characler density command, 2-color seleclabie print command, forward/backward 
printing command, and horizontal and vertical independenily expanded print 
command. The C¥-480 provides graphics capability and includes a “Tlip-print” 
operating mode for 180° viewing. Heady linas provide full asynchronous 
communications with handshaking. 


New low price! $35 a single unit! 


CYBERNETIC MICRO SYSTEMS 
2378-6 Walsh Ave. « Santa Clara, Calif. 95050 
Phone (408) 249-9255 


a ee ee Oe 


Circle 87 on inquiry card. 


Cirele 77 on inquiry care. 


PET WORD PROCESSOR 


This program permits composing and printing letters, 
flyers, advertisements, manuscripts, etc., using the 
COMMODORE PET and a printer. 

Script directives include line length, left margin, cen- 
tering, and skip. Edit commands allow the user to 
insert lines, delete lines, move lines and paragraphs, 
change strings, save onto cassette, load from cassette, 
move up, move down, print and type. 

The CmC Word Processor Program addresses an RS- 
232 printer through a CmC printer adapter. 

The CmC Word Processor program is available for 
$29.50. Add $1.00 for postage and handling per order. 


Order direct or contact your local computer store. 


Cac 


CONNECTICUT microCOMPUTER 
150 POCONO ROAD 
BROOKFIELD, CONNECTICUT 06804 
(203) 775-9659 
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Circle 2 on inquiry card. 


MAXIMIZE 


YOUR MICRO! 
8080/Z80 System Software 


Purchasing a microcomputer system, even at 
today's low prices, is a significant investment. 
And to utilize that investment to its full extent 
requires a solid base in system software. Don’t 
just accept what comes with your hardware ... 
there’s a better alternative! 


OPUS/ONE: Business-oriented, block-struc- 
tured highlevel language. Includes such 
capabilities as extended arithmetic precision 
{up to 55 digits), multicharacter variable 
names, and easy to use string operations, 
Includes a built-in DOS with random access 
files. 

OPUS/ONE ...... cece cee eee $99.00 


OPUS/TWO: Extends the capabilities of 
OPUS/ONE with such features as error trap- 
ping, machine code and OPUS subroutine 
calls, overlays, and more disc file commands. 


OPUS/TWO oe cee eee eee $195.00 


FORTE: An OPUS run-only system monitor, 
perfect for end-user installations. Runs all 


OPUS Lanquage programs. 
FORTE........ 0... ce eee eee ee ees $60.00 


5.0.5.: (Single-user Operating System) A full- 
function DOS which includes OPUS/THREE, 
a text editor (TEXTED), an assembler 
(ASSEMBL), and a package of useful system 
utility programs. 

SOG. cece cece eee eee eee $385.00 


TEMPOS: The ultimate microcomputer 
system software package. A multi-user/mullti- 
tasking DOS which will handle up to 7 
interrupt-driven terminals simultaneously, ina 
true time-sharing environment. Includes 
OPUS/THREE, TEXTED, ASSEMBL, and 
many utility programs. 

TEMPOS 2.0.2 ccc cece eae $785.00 


All packages are upward-compatible. That is, 
programs and data developed under 
OPUS/ONE may be run at any higher level, up 
to and including TEMPOS. 


Standard device drivers are available for many 
common peripherals; all packages include 
System Generation capability, allowing the 
user to interactively add drivers for any VO 
device, including disc drives. 


Like to know more? Circle the inquiry number 
below or contact your dealer for your free 
copy of our system software brochure! For 
complete information, order your user's 
manual now, and we'll apply the price toward 
purchase of the software. Please add $1.50 per 
manual (set) for shipping‘handling within the 
U.S. (Master Charge and VISA accepted). 

OPUS User's Manual.............. $12.50 
S.O.S. Set {inc. OPUS Manual)... .. $20.00 
TEMPOS Set (incl, OPUS Manual). . $20. 


Dealer & O.E.M. inquiries invited. 


ADMINISTRATIVE 
QILISYSTEMS 
DIQIQINC. 
OO 


1642 S. Parker Road, Suite 300 
Denver, Colorado 80231 
(303) 755-9694 
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vent Cueue 


in order to gain optimum 
coverage of your organization's 
computer conferences, seminars, 
workshops, courses, etc, notice 
shouid reach our office at legst 
three montis in advance of the 
date of the event. Entries should 
be seat tœ Event Queue, BYTE 
Publications lnc, 70 Main St, 
Peterborough NH G3458. Each 
month we publish the current 
contents of the queue for the 
month of the caer date and the 
zwo folowing calendar Months. 
Thus a given event may appear 
as many as three times in this 
section if it ds seat to us far 
enough in advance. 


January 8 & 9, The First International 
Symposium on Mini and Microcomputers 
in Control, Islandia Hyatt House, San 
Diego CA, The symposium is sponsored 
by The International Society for Mini 
and Microcomputers [ISMM)}) and IEEE 
Control Systems Society. Over 50 
papers are lo be presenicd including 
tutorials and surveys. Contact Com- 
puters in Control Symposium, POB 
2481, Anaheim CA 92804, (714) 
774-6 144, 


January 8-12, Structured Program- 
ming and Software Engineering, George 
Washington University, Washingion DEC, 
This course is designed for experienced 
program architects, designers and man- 
agers. [1 will provide up lo date technical 
knowledge of logical expression, analysis 
and invention for performing and man- 
aging sollware architecture, design andl 
production. Presentations will cover 
principles and applications in structured 
programming and soflware engineering. 
Design workshops with analysis and 
review sessions will provide actual prac- 
lice in problem solving. Contact George 
Washington University, Continuing 
Engineering Education, Washington BC 
20052, 


January 11-13, Software Engineering for 
Mini/Micracomputer Systems Seminar, 
Airport Marina Hotel, Los Angeles CA, 
Polytechnic Institute of New York and 
the Institute for Advanced Professional 
Studies are presenting a 3 day seminar 
for hardware designers and programmers. 
This seminar will cover computer system 
design concepts within the context of 
the operation and application of the 
LSI-11. Contact Prof Donald D French, 
Institute for Advanced Professional 
Studies, 1 Gateway Ctr, Newton MA 
02158, (617) 964-1412. 


January 12-14, PerBizComp ’79, Wash- 
ington Hilton Hotel, Washington GC, 
Gusiness and personal microcomputer 
show, Contact Felsburg Associates Inc, 
12203 Raritan Ln, POB 735, Bowie 
MD 20715, {301} 262-0305. 


January 15-17, Bit-Slice Microcomputer 
and Digital System Design Seminar, 
Airport Marina Hotel, Los Angeles CA. 
Polytechnic Institute of New York and 
the Institute for Advanced Professional 
Studies are presenting this 3 day seminar 
for digital systems engineers. This semi- 
nar will cover review of computer 
architecture and = organization, design 
principles for bit-slice digital systems, 
introduction lo microprogramming, de- 
lailed study of the 2900 bit-slice family 
and comparison with similar hardware, 
survey of firmware aids and support 
lools for system development, an intro- 
duction te emulation techniques, and 
trends in bit-slice digital system design. 
Contact Prof Donald D French, Institute 
for Advanced Professional Studies, 1 
Gateway Ctr, Newton MA 02158, (617) 
964-1472. 


January 15-17, Minicomputers and Dis- 
tributed Processing, San Francisco. This 
3 day seminar will examine the uses, 
economics, programming and implemen- 
lation of minicomputers. Contact Philip 
M Kowlen, director, Center for Continu- 
ing Education, The University of Chicago, 
1307 E 60th St, Chicago IL 60637, 


January 16-18, The Seventh International 
Symposium on Mini and Microcomputers, 
Disneyland Hotel, Anaheim CA, Tie 
symposium is sponsored by The Inter- 
national Society for Mini and Microcom- 
puters. The symposium will cover all 
aspects of mini and microcomputers 
and their applications, Over 60 papers 
are lo be presented. Contact MIMI'79 
Anaheim, POB 2481, Anaheim CA 
92804, (714) 774-6144. 


January 17-19, Distributed Minicom- 
puter Networks, Ramada Inn, Arlington 
VA, This seminar will address the mini- 
computer from the viewpoint of the dis- 
iribuled network user. The structure and 
Management of a large data base and 
software problems with the tradeoffs of 
languages utilized, hardware types, input 
and output options, device controllers, 
system failure and recovery, sample 
application case studies and the ecanom- 
ics of minicomputer applications will 
be covered in depth. Contact The Insti- 
tute for Professional Education, Suite 
60], 1901 N Fort Myer Dr, Arlington 
VA 22205, (703) 527-8700, 


January 24-27, International Micro- 


computers/Minicomputers Microproces- 
sors ‘79/Japan, Harumi Exhibition 
Center, Tokyo. Contact ISCM, 222 W 
Adams St, Chicago IL 60606, (312) 
263-4866, 


January 29-31, 27th Annual Physics 
Show, New York Hilton Hotel, New 
York. This show is to be held in conjunc- 
tion with the combined annual meeting 
of the American Physical Society and 
the American Association of Physics 
Teachers. Contact Ed Greeley, American 
Institute of Physics, 335 E 45th St, New 
York NY 10017. 


January 30-February 1, Communication 
Networks Conference and Exposition, 
Sheraton Park Hotel, Washington DC. 
Designed to bring together communica- 
tion network users, consultants, vendors 
and regulatory officials so that issues can 
be discussed and analyzed. 11 is particu- 
larly almed at executives and managers 
who purchase communication products 
and services, Contact The Conference 
Company, 60 Austin St, Newton MA 
02169, 


February 1-3, Microprocessor Program- 
ming Workshop With a Take-Home Micro- 
processor, fefferson Plaza Building, 
Arlington VA. Sponsored by the IEEE, 
this 3 day workshop is intended for the 
practicing engineer, engineering manager 
and programmer. The course objective 
is to provide state of the art information 
in order to acquire an understanding of 
the place of microprocessors as replace- 
ments for wired logic and as controllers, 
to provide the capability of understanding 
the design of systems involving micro- 
processors, and the ability to program 
the Motorcla M6800 microprocessor in 
machine language. All students will have 
their own microprocessors and labora- 
tory equipment. Contact IEEE Service 
Cir, 2145 Hoes Lane, Piscataway N] 
08854, 


February 13-15, The National Office 
Exhibition and Conference, Harbour 
Castle Hilton Convention Center, 
Toronto Ontario. This 3 day exhibition 
wil! provide a showplace for approxi- 
mately 100 exhibitors in the areas of 
word processing, office computers, of- 
fice equipment and furniture. Contact 
Canadian Office Magazine, 2 Bloor St 
W, Suite 2504, Toronto Ontario, 
CANADA M4W 3E2, (416) 967-6200. 


February 14-16, The IEEE International 
Solid-State Circuits Conference, Phila- 
delphia PA, Forum for the presentation 
of new advancements in al! aspects of 
solid-state circuits. Contact Lewis 
Winner, 301 Almeria Av, POB 343788, 
Coral Gables FL 33134. 


March 19-20, Microcomputers: Operating 
Principles, Hardware and Software Sem- 
inar, Holiday Inn, Palo Alto CA. Poly- 
technic Institute of New York and the 
Institule for Advanced Professional 
Studies are presenting this two day sem- 
inar for engineers, programmers, and 


technical managers involved with selec- 
tion of microprocessors and design of 
microprocessor based systems, The sem- 
inar will cover the underlying concepts 
governing microprocessor operation, 
architecture, and systems design. Micro- 
computer elements and their interrela- 
tionships will be discussed, emphasizing 
features important in determining 
whether a particular microcomputer will 
be suitable for a given task. Contact Prof 
Donald D French, Institute for Ad- 
vanced Professional Studies, 1 Gateway 
Ctr, Newton MA 02158, (617) 964-1412. 


March 19-21, Modern Integrated Circuits, 
George Washington University, Washing- 
ton DC. This course js structured to 
meet the needs of engincers, scientists 
and technical managers who desire a 
better understanding of the latest tech- 
nological advances in the area of inte- 
grated circuits. As such it examines all 
aspects of integrated circuit technology, 
starting from fundamental principles of 
construction and operation, to the most 
recent devices, their characteristics and 
specifications. A significant part of the 
course deals with the application of 
integrated circuits in linear and digital 
systems, Specific topics to be covered 
include detailed design examples of 
circuits using operational amplifiers and 
active filters, as well as computer arith- 
metic units, registers and memories. 
Contact George Washington University, 
Continuing Engineering Education Pro- 
gram, Washington DC 20052. 


March 21-23, Microcomputer Hard- 
ware and System Design Seminar, 
Holiday Inn, Palo Alto CA. Polytechnic 
Institute of New York and the Institute 
for Advanced Professional Studies are 
presenting this three day seminar for 
engineers, programmers and technical 
managers with a working knowledge of 
digital hardware design and familiarity 
with the underlying concepts governing 
microprocessor operation, architecture 
and systems design. This seminar will 
cover the operation, architecture, in- 
struction set and design techniques for 
8 bit microprocessors. The spectrum of 
applications from data processing to 
control will be illustrated with fully 
developed case studies. Contact Prof 
Donald D French, Institute for Ad- 
vanced Professional Studies, 1 Gateway 
Ctr, Newton MA 02158, (617) 964- 
1412, 


March 22-24, Future Fair, Memorial 
Coliseum, Portland OR. This northwest 
regional exposition will feature both 
professional and personal data processing 
Products and services. Contact WES/ 
COM, POB 4047, Portland OR 97208. 


March 25-28, Expo '79, Los Angeles 
Marriott, Los Angeles CA. Expo '79 
is held in conjunction with the 16th 
Numerical Control Society Annual 
Meeting and Technical Conference. Con- 
tact Numerical Control Society, 1800 
Pickwick Av, Glenview IL 60025, (312) 
724-7700, 


Circle 222 on inquiry card. 


THE END 
OF YOUR 
SYSTEM 


Put this SOROC IQ 120 at the 
end of your system for fast and 
silent input/output. 


$7950" 


Put this T.t. 810 printer at the 
end of your system for fast and 
reliable hard-copy output. 


s1095. 


Put this TELETYPE 43 at the 
end of your system for reliable 
low-cost input/output. 


$s99g9°0o0* 


*plus 2% handling. 
Shipped freight collect. 


Te 
MICAOMMAIL 
la te 5 all 
(714) 731-4338 


Also DIABLO. LEAR/SIEGLER, DEC. 
Write or call for a free catalogue, 
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The IBM 704 
data processing system. 
Along the left wall of 
the room is the magnetic 
core sterage. fhe opera- 
tor’s console is in front of 
the central processing unit. 
Along the back wail is the 
power supply, printer, 
card reader and card 
punch. The magnetic tape 
units are lined up along 
the right side of the room. 


Photo 1: 
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History of Computers 


The IBM 704 


Keith S Reid-Green 

Software Systems Development 
Educational Testing Service 
Princeton NJ 08540 


The IBM 704, announced in 1956, was 
almost the last vacuum tube computer. It 
was rendered obsolete by the 709 in 1959, 
which became the 7090 in less than a year. 
The addition of the zero suffix to the model 
number denoted the replacement of vacuum 
tubes by transistors and the start of the 
second computer generation. The 704 was 
very definitely a first generation machine 
in the tradition of the giant brains (see 
photo 1) of the 1940s and 1950s. The 
central processing unit occupied a huge 
L-shaped cabinet of about 120 cubic feet. 
There was not enough room in the cabinet 
for the 32 K 36 bit words of core storage 
that occupied its own box — another 100 
cubic feet at least. Today the computing 
power contained in those two steel, glass 
and dark gray enamel cabinels can be 
equaled by a desktop machine; in fact 


the latter would easily outstrip the 704’s 
12 us instruction cycle. Nevertheless, the 
704 was the ultimate computer of its time. 

IBM software support for the 704 was 
almost nonexistent, Of course, in the days 
before operating systems and multiprogram- 
mable computers, there wasn’t much need 
for support. The assembler and a few general 
purpose subroutines could be acquired 
through SHARE (Society to Help Avoid 
Redundant Effort). On the other hand, 
support for the hardware was much in 
evidence. A customer engineer spent 
eight hours a day on the premises, includ- 
ing an hour long daily preventive mainte- 
nance session before the normal first shift 
began. The session included bringing up 
power, which took 15 minutes, and running 
diagnostics with voltages 20 percent above 
and below normal in an effort to find weak 
vacuum tubes. The effort was usually 
successful. 

Before the advent of FORTRAN in 1958, 
written material for 704 programmers could 
be found in a single manual, /BM Reference 
Manual, 704 Data Processing System. \ts 


100 pages contained a description of the All photos reproduced by permission of IBM Corporation. 
instruction set, operating instructions, an 
explanation of the virtues of assembler 
language coding, programming examples, 
explanations of the binary number system 
and binary arithmetic, and octal to decimal 
conversion tables. 

The 704’s input and output (10) units 
consisted of a card reader, card punch, line 
printer, ten magnetic tape units, two mag- 
netic drum units (each composed of four 
2 K word drums) and a cathode ray tube. 
Off line, or peripheral, equipment consisted 
of three machines to process magnetic tape: 
card-to-tape, tape-to-card and tape-to-printer 
transfer devices. Important central processor 
features included floating point hardware 
and three index registers. 

IBM designed the on line card reader 
for binary cards; cards containing machine 
language programs in binary object format. 
Since the 704 word length was 36 bits, 
cards were read row-wise into storage. 
Columns 1 thru 36 of the 9 row were 
read first, followed by columns 37 thru 72 Photo 2: The off line printer was coupled to a 727 tape unit by a 757 printer 
of the 9 row, 1 thru 36 of the 8 row, etc. control unit. This and other peripherals permitted use of magnetic tape as 
Columns 73 thru 80 could not be read; the 704's primary medium of input and output. 
this restriction governs the present day 
format of the FORTRAN statement. Binary 
coded decimal punched cards, the kind that 
came out of keypunch machines, could be 
read by the off line card to tape transfer 
machine, but naturally it was frequently 
necessary to read such cards on line. A 
rather complex subroutine was required 
to convert these cards to internal 6 bit 
binary coded decimal, since they were 
punched column-wise and read row-wise. 

The ten magnetic tape units were referred 
to in programming by unit numbers 0 thru 
9. Unit numbers were dialed by the operator 
on each tape unit, hence it was possible to 
write two or three copies of a tape file 
simultaneously. Of course, the possibility 
of accidentally trying to read two files at 
ance also existed, invariably resulting in 
a yellow read check light, a halted com- 
puter, and an embarrassed operator. 

Tape was moved at 75 inches (190.5 cm) 
per second, transferring 200 bytes per 
inch (2.5 cm) in 7 track format. Byte 
and track parities were generated and 
checked automatically, although the words 
byte and parity were not yet used. Parity 
checking was called redundancy checking, 
and a byte was a character. 

Probably the most remarkable piece of 
equipment on the 704 was the cathode ray 
tube. This early attempt to provide com- 
puter graphics capability was only partly 
successful. A 1024 by 1024 raster was Photo 3: The 711 on line card reader read 24 36-bit numbers in row binary 
addressable, but each point had to be format from columns 7 thru 72. Columns 73 thru 80 could not be read. 
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Photo 4: The 727 tape drive, over 20 years old, is similar in appearance to 
modern tape units. Note the address selector dial between the two rows 
of buttons. 
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individually addressed. There was no line 
generator and no character generator. The 
machine’s 12 us cycle made it impossible 
to run a complex display without con- 
siderable flicker. One of the big demon- 
strations of the time was a tic-tac-toe pro- 
gram. Though only a few lines were re- 
quired to display the game, the display 
flickered noticeably. 

The primary intent of the cathode ray 
tube was for plotting, not interactive graph- 
ics. On a dedicated machine renting for 
$600 per hour, who could have afforded 
interactive graphics? The video display 
system was composed of two units: the 
visible 21 inch (53.3 cm) screen and a 7 inch 
(17.8 cm) screen in a lightproof box. A 
shutterless camera recorded the picture on 
35mm film. Consequently, the 704 was one 
of the very few general purpose computers 
to include a “change film frame” instruction 
in its repertoire. 

The centra! processing unit, or calculator 
as it is repeatedly called in the manual, 
centered around two registers: the accu- 
mulator and the multiplier-quotient (MQ) 


register. The accumulator performed addi- 
tion, subtraction and logical operations. 
The MQ register served not only in mul- 
tiplication and division but also as the 
register through which input and output 
transfers were made. Strangely, the accu- 
mulator was 38 bits long. It was composed 
of a sign and 35 numeric bits for arith- 
metic operations, a P bit used as the high 
order bit instead of the sign in overflow, 
shifting and logical operations, (ie: Boolean 
and byte manipulations), and a Q bit to the 
left of the P bit. The sole function of the 
Q bit seems to have been to generate ob- 
scure coding errors. 

The 32,768 word maximum core storage 
required a 15 bit address portion in storage 
reference instructions. Three index registers, 
known to the 704's designers as registers 
A, B and C, were invariably referred to as 
indices 1, 2 and 4 by programmers, since the 
registers corresponded to those bits in the 
instruction’s tag field. Indexing was sub- 
tractive, done by 2’s complement arithmetic, 
and was another minor source of annoyance 
to programmers. Because of the subtractive 
indexing scheme, it was the usual practice 
to index through a table starting with the 
last word and moving toward the beginning. 

Many other features of the 704 were a 
challenge to handle, but nevertheless the 
machine and its programmers contributed 
to more than just computer folklore. Several 
FORTRAN attributes that were developed 
on the 704 persist to the present day, for 
better or worse. The FORMAT statement, 
for example, was lifted bodily from an 
input subroutine originally meant to read 
punched cards and to convert specified 
fields to integer binary, floating point 
or binary coded decimal. The three branch 
IF statement, now mercifully replaced by 
a more comprehensible IF-THEN type, 
was designed around the 704’s compare 
accumulator with storage instruction. This 
instruction processed the following instruc- 
tion, or skipped one or two instructions 
depending on the accumulator being less 
than, equal to, or greater than the specified 
storage location. 

Most of the numerical methods asso- 
ciated traditionally with Newton’s iteration 
or infinite series expansions were developed 
and in many cases refined on the 704. Thus, 
the software subroutines that are presently 
used in personal computers, intelligent 
terminals and microprocessors owe their 
start to 704 programmers and applied 
mathematicians. The next time you take 
a square root or draw a circle on your video 
tube, remember the 704—and be glad 
it's not around any more.® 


What's New? 


§-100 Bus Extender Board Kit 


HELO EP OU 


\ s 
: : 
| 
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High Level Programming Language 


SAM76 is an interactive high level 
computer language that introduces con- 
cepts for both the home computer and 
timesharing system users. It was de- 
signed to be simple enough for the nov- 
ice to learn while meeting all the require- 
ments of the most sophisticated users. 

ASCII character is the only data 
type, allowing data to be anything from 
complicated commands to syntax char- 
acters. SAM76 mathematical capability 
includes arbitrary precision arithmetic. 
Over 150 defined built-in functions give 
the advanced user the ability to do such 
things as handle arbitrary size lists and 
treat them as data. 

Object code is available on paper tape 
or TDL cassette format in several config- 
urations for the Z-80 or 8080. A Poly- 
Morphic version on cassette tape and a 
CP/M disk version are available. All ver- 
sions are coded for Apple and Zapple 
conventions with patch information on 
input and output (IO) vectors available. 
The SAM76 200 page language manual is 
available for $12. The object code is $6 
{CP/M is $10 for disk) and $2 for the 1O 
information. For further information 
contact SAM76, POB 257, Pennington 
NJ 08534.m 

Ciecle 542 on inquiry card. 


Hon MMLEN TB 
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The Mullen TB-2 Extender Board kit 
retains the price of its predecessor and 
offers several new features. The built-in 
logic probe reads out into a 7 segment 
display, and includes a pulse catcher plus 
light emitting diode whose brightness 
corresponds to the duty cycle of a pulse 
stream. A general purpose kluge board 
section, with holes on 0.1 inch (0.25 cm) 
grid, aids development of circuits used In 
debugging or testing; an on board 5 V 
at 1 A regulator powers this section as 
well as the logic probe. 

The TB-2 incorporates features of 
the previous model, such as links in the 
power supply lines for current measure- 
ment, fusing and independent supply 
switching; an edge connector label that 
identifies power, ground and S-100 bus 
signal pins; full width board size to allow 
use of card guides; and gold plated edge 
connector teeth that stand up to- re- 
peated insertion. 

The Mullen Extender Board kit lists 
for $35. Contact Mullen Computer Pro- 
ducts, POB 6214, Hayward CA 94545.@ 


Circle 541 on inquiry card. 


Printer Mechanism for the Personal Computer Experimenter 


This printer mechanism is for the 
personal computer user who is interested 
in constructing a bidlrectional dot ma- 
trix Impact printer. Print speed is 120 
characters per second with a line capa- 
city of 80 characters. It uses standard 
8.5 inch (21.25 cm) singte or multiple 
copy paper. The paper is advanced by 
motor and pressure roller with a slew 


tate of 400 lines per minute. The mech- 
anism uses ribbon cartridge with an in- 
dependent motor. The unit has opto- 
isolators for beginning of line, end of 
line and character positioning sensing. 
The price is $399 including electronic 
interface. Write to MarComm Inc, POB 
535, Ramona CA 92065.8 
Circle 543 on inquiry card. 
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PUBLICATIONS 


The Bugbook VII, Microcomputer- 
Analog Converter Software and Hard- 
ware Interfacing augments the Bugbook 
series with an in-depth treatment of how 
8080 family microcomputers are inter- 
faced to real wortd analog devices for 
measurement, control and display appli- 
cations. The 284 page soft-cover book 
combines practical examples of hardware 


Bugbook VII Teaches Microcomputer-Analog Converter Interfacing 


and software analog converter inter- 
facing techniques with a series of ex- 
periments in waveform generation, data 
acquisition and video display control. 

Bugbook Vii begins with digital to 
analog converter interfacing, and pro- 
ceeds to software control of ramp, 
successive approximation, and dual slope 
analog to digital converters. Data acqui- 
sition approaches using software inter- 
rupts and real time clocks are compared, 
Sample and hold amplifiers and analog 
multiplexers used In many practical 
data acquisition systems are treated in 
a full chapter. Consideration is also 
given to the factors in selecting and 
interfacing packaged analog to digital 
and digital to analog data acquisition 
modules. 

The book is priced at $8.50 and is 
available from E&L Instruments Inc, 
61 First St, Derby CT 06418.s 


Circle 611 on inquiry card. 


Texas Instruments Offers Free Linear and Interface Circuits Guide 


A new Linear and Interface Cir- 
cults Master Selection Guide (CL-329) 
is available free from Texas Instruments 
Inc. This 128 page product selection 


gulde and catalog is designed to pro- 
vide a reference to Texas Instruments’ 
{Inear and interface circuits. 

This publication covers BIFET and 
bipolar operational amplifiers, voltage 
regulators, voltage comparators, Ilne cir- 
cuits, peripheral, MOS, memory and dis- 
play drivers, sense amplifiers and special 
functions. Special function monolithic 
Integrated circuits such as analog 
switches, analog to digital converters for 
processors, precision timers, and Hall 
effect switches are described with sche- 
matics, packaging information and key 
features. Basic descriptions and features 
are presented in short form to help users 
to select the proper integrated circuit. 

The CL-329 Master Selection Guide 
contains a complete cross-reference 
guide which includes package and tem- 
perature designations. Write to Texas 
Instruments Inc, Inquiry Answering 
Service, POB 5012, M/S 308 {Attn: CL- 
329), Dallas TX 75222. s 

Circle 613 on inquiry card. 
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Newman Computer Exchange Catalog 
Available 


This 72 page minicomputer and 
microcomputer catalog is available from 
Newman Computer Exchange, 1250 
N Main St, Ann Arbor MI 48104. The 
catalog lists a wide selection of new and 
used minicomputer and microcomputer 
products. 

The minicomputer section lists pri- 
marily Digital Equipment and Data 
General items, while the microcomputer 
products include a variety of personal 
computers along with books, accessories, 
and hundreds of other items of interest 
to the computer enthusiast.= 

Circie 614 on inquiry card. 
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New Book on Home Computer 
Applications 


Mind 
aliance: 


HOME COMPUTER AF 


CATIONS 


The Mind Appifence: Home Com- 
puter Applications by T G Lewis is writ- 
ten for the serious personal computer 
user who wants to utilize the computer 
as a household appliance. This book 
contains dozens of BASIC language pro- 
grams which will enable your computer 
to balance a checkbook, automatically 
dial the telephone, handle household 
budgets, and plan menus. These and 
many other ideas, such as writing poetry, 
drawing figures, and scoring music, are 
fully Illustrated by actual programs 
that can be put to use. The book is 
written in an entertaining style that 
leads the reader into relatively com- 
plex programming situations with a 
minimum of effort. This 144 page book 
is priced at $6.95 and is published by 
Hayden Book Company Inc, Rochelle 
Park NJ 07662.8 

Circle 612 on inquiry card. 


Attention Readers, and 
Vendors. .. 


Where Do New Product items 
Come From? 


The information printed In the 
new products pages of BYTE is 
obtained from “new product” or 
“press release” copy sent by the 
promoters of new products. if in 
our judgment the neat new whiz- 
bang gizmo or save the world 
software package fs of interest 
to the personal computing experi- 
menters and homebrewers who 
read BYTE, we print the infor- 
mation in some form. We openly 
Solicit such Information from 
manufacturers end suppliers to 
this marketplace. The information 
8 printed more or less as a first in 
first. out queue, subject to oc- 
castonal priority modifications, 


TheNew 
Hobby World 
Catalog 


Your source for factory prime, professional 
quality equipment, Computers, add-on boards, 
IC's, sockets, resistors, supplies, tools, test 


THE BEST FOR BOTH WORLDS equipment, books, and more. Shop your buy list 
Factory prime electronic equipment for both the at Hobby World. You'll find what you want, and at 
discerning hobbyist and the professional a solid savings. 
This month’s specials. 

16K MEMORY ADD-ON FOR TRS-80, APPLE, PORTABLE PAPER TAPE READER 
& EXIDY SORCERER f No moving parts, interfaces with all micropro- 
With RAMs, Jumpers, and Instructions. Hobby World cessors via an 8 bit parallel port. Complete with 
price only $98. (Specify when ordering) precision optical sensor array, high speed data 

buffers, all required handshake logic, 4 status 
A P 3% DIGIT SOLID STATE LED's, flat ribbon interface cable and complete 


Tops in performance! Measures resistance to .01 ohms Pala pe pel ai only $74.00 kit, 


voltage 10100 uV. current fo] pA. Our price only $75 
assembled & tested. $60 kit. 


46K STATIC RAM KIT, MODEL XVI. TRS-80 SOFTWARE 

IEEE $-400 compatible, requires only +5 Volts. Order by Catalog Number. 

450 ns, fully buffered. Bank switching capability, CATNO. TITLE LEVEL PRICE 

Phantom Line, wait state, addressable in 4K 1093 = Sargon: Chess Program 2 $19.95 

blocks. New from CALIFORNIA COMPUTER 1040 Galactic Blockade Runner VY 9.95 

SYSTEMS! Our Price only $26§ kit, $27 Bare Board. 1041 Star Trek Ill 2 14.95 
i 

C-40 DATA CASSETTES ie etal Business Bookkeeping $ pp 

Perfect for TRS-80 and all recorders operating under 1036  SCEFI Game Sampler : A 5.95 

KC or Tarbell standards. With positive tape path 1037 The Magic Isle y 5.95 

control. Price only $2 each! 10 for $47.50. 1038 Inventory (Modular) % 49.95 

PROM PROGRAMMER 1047 Othello Ya 5.95 

New from OAEI Pocket size, Read, program, verify, 1048 — Machine Language Monitor 2 23.95 

duplicate. Plugs into any read only PROM socket. 1049 Micro Text Editor 2 5.95 

With features like Zero insertion force socket, cermet 1050 100 Programs, Home, Business, 

trimmers, and 5’ of connecting ribbon cable. Hobby and Games 2 49.50 

World price only $275. 1051 Daily Biorhythm Program Yo 5.95 


Type # 1087 programs 2708's and TMS2716's 
Type # 1088 programs intel 2708's. 


SRP SPB BS SVT SSF SO SSTBS SP UR OP AR ST SF SSF eS SS Ses as S228 828 BSS BS 8 OS SS © SO SS SSS SSS SPS SSeS Hews See ee ee ee eo 


Hobby World SEND ME THE FOLLOWING SPECIALS! 


49355 Business Center Drive #6 
Northridge, CA 91324 


SEND ME A CATALOGI ne ors ar || aaa, 
iad a page een ale 
Address Postage/Handling 
City State Satistaction 100% Guaranteed 

California Residents acid 6% Sales Tax 
Order by mail. Just write. Or order by phone. Toil free outside 
California. Charge My vis » o ee 
TELEPHONE ORDERS Signature 


inside Callf: 243 886-9200 
Outside Calif: 800 423-5387 E 
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Expiration 


a. vy. a D Es Computer Products 


DISK DRIVES nls E Ap _METERS ELECTRONIC 
BY hicre PER eee rere f+ 9.704 | SYSTEMS 


Operates in either single den- | 
sity (125KB, unformatted) or | ia" “KANSAS CITY STANDARD” 


double density {250KB, unfar- = iene 
matted} modes, up ta 40 art no 
tracks, with a track-to-track © 15 megahertz bandwidth. ° Board $7.60 with parts $27. 50_ 
access time of only 5 ms. d int | tri À Rechargeable baiteriea and charger 

4 a tl ath ills A, to | Measures DC Volts, AC Volts, Ohms and RS-232/TTL INTERFACE 


; C i ; 


by Shugart. Single-sided 8” @ Battery or line operation Indication 
5 : . r and AS-232 to ITL 
floppy disk drive. © Automatic and line sync modes. -K adjustment and no full-scale ohma Board only $4.50: with parts $700 


ve © Power consumption tass than 15W cnet ig — NiCad batteries; also AC 
8” DISK DRIVE $395.00 x {TTY 
by GS\/Siemans. Direct @ Varticle Gain - 0.01 to 50 voits/ Largo LED UED ipay for easy reading withaul = pa fs eN RAGE 


: div-12 settings. Interpolation 
equivalent of Shugart 80IR. © Weight is only 3 pounds. ANTT TiD a Converts RS-232 to 20mA 
DM 2700S $750.00 MS-16 $ 318 me saggiensaverssveventnis ties BAM currenl ae aa current 
750.00 i Po cee NE aeaea da eaten oop to RS- 
Includes SA801R, 10°x10"’x MS-215 Dual T Vv 435 LM3A 3dig 1% DC......$134.00 z 
16” cabinet, power supply, wm sn ag um LM3.5A 3% dig .6% DC ..$ 158.50 | Board only $4.50, with parts $7.00 


data cable, fan, AC line filter, |1210 t, 10 meg proba , LM40A 4dig .1% DC $ 209.00 
a I Leniher carrying case ; LM4A 4dig .03% DC .... $250.00 matt Fee lhe 


> VERBATIM ™ S—100 MOTHER BOARDS payee 
FLOPPY DISKS Converts serial lo parallel 
P JADE 6-SLOT and paralle! to seral 
se ; tee a Kit $41.95 | Board only $12 00: with parts $35 00 
P : Assembled & Tested $56.95 wilh conneclor add $4 00 
Bare Board $24.95 : 
$4.40 each MooR. ep LIQUID CRYSTAL DIGITAL 


box of 10 $40.00 He ne an prta uan aeaa ark! | 9—SLOT “LITTLE MOTHER” CLOCK-CALENDAR 


Seroweeetty st ie Spile Pulse Oohecier r NEB Sinek dapan + K 
$85.00 


8” FLOPPY DISKS ana hee wick | aaea Kit 

Soft sector $4.75 ea. MOOR, 19.3 Assembled & Tested $99.00 
box of 10 $42.50 [eh aia, too Rata reece ka Ex Bare Board $35.00 

FLOPPY DISK INTERFACE Lomicnmr sew | 13-SLOT “QUIET MOTHER” 


Kit $95.00 

JADE FLOPPY DISK {Tarbell 3-LEVEL GOLD A 
Jal WIRE WRAP SOCKETS ssm, & Tested $110.00 
175.00 14 PIN 39¢ each Bare Board $40.06 


Assi. & Tested 250.00 16 PIN 43¢each | 22-SLOT “STREAKER” 


3. Computer Products 100 for $30.00 Assm. & Tested $149.00 Pauna 


aes Floppy’ - a Small in size (232 Wx Y) 
Kit. 159.95 Sockets are end and side stack- ATED Push ARM ree mpi release for dale. 


Assm. & Tested 189.95 able, closed entry GOLD PL e Clocks mount anywhare with ether JM double 


S-100 EDGE CONNECTORS 
+ bonedie Mode runs on eatl-contebned 


bss eee enamel batteries for better then b yom 
1 ae wna on 12 Voil system and is back 
Soldertail $3.25 each — T $34.95 


r $30.00 
Wire Wrap. $4.50 each = Caaan anria os - $2.00 


10 for $40.00 
TARBELL CASSETTE 


JADE INTERFACE 
Veletek elit del biil peer TERTA GE S-100 cassette interface 


WIRE WRAPPING TOOLS lor 0.025 Inch [.84 mm) SQUARE POSTS §-100 Compatibie Serlat 


-] 
swe ig uo wta ana wo fo inn Late: man oranana mama mang ches bas nnemenrarnansee | Interface with Sockets ezded. | with speeds from 187 to 


Kit 
ELCO a Spe eq fr pt ai eine et 1P tn AE S ETIKE Gu Aa bean ne tna PaRin Aum k Testa da 9.95 540 bytes per second. 
te ide at least 15,000 rewabia wra lose bid re B r 

ay i 7 JADE Kit $99.95 


P10 Barioa Toots Uving Petyuretnene Nylon Costes Wire, manual $35.00 

Patyussihane nylon casted copper wwe ib used in atl PIR varies 

fools Tra amaii diamair’ of thin innaaied 19 gage wira pamils 5 z Asse mb led $1 3 5.00 
lwo P tuen maps on a O02. inch {64 mun) square pos occupy~g +, 

omy 21ach (SJ mmiaf pos jangin Sosdaring is not roqusad on ` T Į- b 

teclenguiss posts DA it weagnped on lound OF inieguias poste n e 


y be sodered using a ?$0'F 1909 "Cr aon when mails ihe a Convert your T.V. set into a JADE PARALLEL/SERIAL 
inqulenon an sotder flow occurs Video Monitor INTER FACE 


sas Caan tog td Kit $8.95 S-100 compatible, 2 serial 


mo 
Pundit Ac ponose norman ot PAD iamo 1/O ports, 1 parallel 1/0. 


Alt P1B0 Serine Tabib recive two 100 H BpCols Of potpurnthann ý Kit JG-P/5 $1 24 95 


ae ee E EN EVE ! Z80A SPECIAL Ass, & Tested 
JG-P/SA 


Wine ; ; $179.95 
Pois aes agi pulaa capar TA gagh aira soma ua I 120 nganis dë latoa , 4MKz Zilog CPU Chip Bare Hoard 


Wit thang ANED BI WIID SELLE $ i with manual $30.00 


ec: Plugboards 


8800V 


Unwessal pga tee seed i 

Gen Purpose D.I P Rea USE A D eO mas ME enia = Hi-Density Oual-In-Line 

Ah psig with nos fei pasted oe ene SSF ad HIDE E i rl W we Man 

lor Solder or Wwe Wrap P panem aa ni wl wer fd Bus 

likih AN Epoxy Glass 1716" 44 8801-1 IC's Epoxy Glass 1/16 Epoxy Glass 1/16"° 44 
3690- ii pincon. spaced 156 Same as G4DOV except plain tess power 44pincon spaced 156 pincon snaced 156 


CARD EXTENDER 3877 9.6" x 4.5" miss meala 3662 6.5” x 4.5” 3682 9.6” x 4.5” 
Card Entenas has 100 contacts:50 per $10.90 ae ee 10-24 $7. 65 a 7 
a AA EA EEE 3677-2 6.5” x 4.5% _ B60OV ings W795 15% 3662-2 9.6” x 4.5” 3682-2 6.5” x 4.5” 
1890 6.6" 2214 pin, 188 cles. Extenders $12.00 $9.74 B8011 O Hm h puo $11.45 $9.81 
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MICROPROCESSORS 


FE 

ZBU 12MH r] 
2804 I4MH2! 
CoOP1807CD 


gs 


BOAS 
THSIJOOTL 


8080A SUPPORT DEVICES 
82712 

BIA 

gm5 

Bred 2M 

BIASA GIMH S| 

82h 


6800 PRODUCT 
GA! OP 
Ba20P 
6821P 
6828F 
6834F 
GB44L 
GBASL 
GS4Gu1 
GS4GP 1 
Bear 
GBP 
BRGOP 
GRGIF 
GEP 
BE TSP 
GABP 


KIM SUPPORT DEVICES 


6102 
6502 
6520 
6522 
6530-002 
6520-003 
6530-004 
6530-005 
6532 


USRT 
$2350 


UARTS 
AWS TOMA 
AYS IOIA 
TAIgO28 
TAISG01 1 
IMB402 
(M6404 


BAUD RATE GENERATORS 


MCI 
LAJE Crysta’ 


CHARACTER GENERATORS 


PRES Upper i12: 5 
7513 Liow» (2:5 
2513 o Uppe (vote) 
2513 Lowe 15 yilt) 
MCMGS71 Uo Scan 
MECMGS?1A Down Scan 


FLOPPY DISC CONTROLLER 


1771801 
1791 


KEYBOAAD CHIPS 
AY 23th 

AS 3600 

MMG 740 

PROM S$ 

1702A 

2708 

27165. 17T] 
271619.) INTL 
27581 Gy 1 

DYNAMIC RAMS 
4160/4116 (7505) 
2710444096 

210784 
TMS40274096 (300ns! 
MM5270 

M5780 


STATIC RAMS 


ZILG? 145051 
FILOZ 1260m! 
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Cb aww IME 


ho 
SBOweaGwo sass 
onee 
eooovtormroansG 


MA 

eo 
[=] 

sa 


a 
wi 
a 


> 
> 
i= 


This 64-character ASCII impact 


EXPANDOR’S BLACK BOX PRINTER 


printer with 80-column capability 


is portable and uses standard 


8%" paper and regular typewriter 


ribbon, Base, cover and parallel 


interface are included, Assembled 


and complete with manual and 


documentation, 
only $430.00 


(90 day manufacturer's warranty) 


TRS—80 Interface Cable for 


Black Box Printer 


$48.00 


Low pice includes 
KM-1 Madule monto: 
mams sto ein 
2048 ROM Byles User 
Manual wal! size Sehe 
mate Hardware Manual 
Programmng Marval 
Programmers Aelerence 
Card Keyboard Display 


Sys $245 


6502 - based single board 
computer with keyboard/display, 
KIM-1 hardware compatible, 
camplete documentation. 


KIMSI 
INTERFACE/MOTHERBOARD 
Makes §-100 cards plug-in 
compatible with KIM! 
Kit $125.00 
Assembled & $165.00 


Tested 
BETSI 
INFERFACE/MOTHERBOARD 
Makes 5-100 cards plug-in 
compatible with PET! 
Kit $119.00 
Assembled & 
Tested $159.00 


“pute any 
‘wunndany 


with full documentation 


Kit $100.00 
Assm, & Tested $149.95 
Bare Board $30.00 


JADE: ZSO 


with provisions for ONBOARD 


2708 and POWER ON JUMP 
2 MHz 
Kit 


Assm. & Tested 
4 MHz 
Kit 


Assm. & Tested $199.95 
Bare Board $35.00 


STATIC RAM 
* SPECIALS * 
2114's,low power (1024x4) 


1-15 16-99 
8.00 6.95 
9.00 8.00 


$135.00 
$185.00 


$149.95 


450ns 


250ns 6.50 


TMS4044/MM5257, low power 


450ns 8.00 7.50 
250ns 9.95 8.75 
4200A (4Kx1, 200ns} 


9.95 8.50 


DIP? Il Socket 


Thi new ppw at zero paged presare ital etry 
package woked ZIP OUP Tr ue pertectls sorted 
for eth hend fest and burns regumenwnts 


Tie ZIP DIF H sucker bas heen designed: for 
the ote stnplaty ob ats ae. atgal sth 
Coupled with ao thaaghthel sisten ol tanp and 
bevel to pinte the desne leads rato the cunta ts 
fealty Go shet. ithe whit the dernys an 
hivrally be dropped Walle the top at a koking fever 
Whe socket n ready to operatic with exe cptionally 
wood vy ies alata) Flip the lever agam aad the 
device may be extracted wth sero pressure being 
yeavrled un the hads by the socked contacts, 


PRICES: 

16 pin Zip Dip il 
24 pin Zip Dip Il 
40 pin Zip Dip il 


6.50 
3,00 


$5.50 
$7.50 
$10.25 


JA DE 
Computer Products 


4901 W. ROSECRANS AVENUE 


Department “B” 


HAWTHORNE, CALIF. 90250 


Cash, checks, money orders, 


THE PIGGY 15 COMING! 
ey 


and credit cards accepted. 


Add freight charge of $2.50 for orders under 10 ibs and 


$1.00 service charge for orders under $10.00. 
sales tax on all parts delivered in California. 
available at OEM quantities, 


Add 6% 
Discounts 


WRITE FOR OUR FREE CATALOG 


All prices subject to 


change without notice. 


100 + 
5.50 


Continental U.S. 
inside Calitornia 


MEMORY EXPANSION KITS 
4116's 


8 for $85.00 
(16Kxl, 200ns) 
includes dip plugs and 
instructions 


* TRS-80 Kit * 
{16Kxl, 300ns) 
inciudes connectors and 
instructions | 
$90.00 


DYNAMIC RAM BOARDS 
EXPANDABLE TO 64K 


32K VERSION + KITS 


Uses 4115 (8Kx1, 250ns) 
Dynamic RAMs, can be 
expanded in 8K increments up 
to 32K: 
8K 
16K 


$199.00 
$255.00 
24K $310.00 
32K $369.00 
64K VERSION » KITS 
Uses 4116 (16Kx1, 250ns}) 
Dynamic RAMs, can be 
expanded in 16K increments 
up to 64K. 
16K 

32K 

48K 

64K 


EPROM BOARD KITS 


EPM-] ta 4K 
ayes uP to $59.95 


of 170 
168/16 (uses 2708 or 
£ í 369.95 


271 
MEM-2 


16K Static RAM Board 
S-100, tully buffered, 


with PHANTOM and bank 
addressing capabilities, 
can be addressed at 4K 
boundaries. 
250ns Kit 
450ns Kit 


250ns A&T $350.00 
450ns A&T $325.00 


STATIC RAM BOARDS 

JADE 8K 
Kits: 450ns $125.95 
250ns $149.75 


Assembied & Tested: 
450ns $139.75 
250ns $169.75 
Bare Board: $25.00 


$292.00 
$432.00 
$578.00 
$721.00 


$285.00 
$250.00 


Assembied & Tested: 

RAM 16 (250ns}) $375.00 
RAM 168(450ns) $325.00 
16K with memory management 
Assembled & Tested: 

RAM 65 (250ns) $390.00 
32K Static 
Assembled & Tested: 
250ns $795.00 
450ns $725.00 
250ns Kit $575.00 
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New Clock Board Features Battery Backup and Crystal Control 


dliitli 


This board keeps time in 100 ps in- 
crements for periods as long as 100,000 
days. An Interrupt feature has been 
provided which can be programmed for 
any change In a clock digit to help make 
efficient use of computer time. The 
clock is crystal controlled for accuracy 
and an on board, 9 YV rechargeabie 
battery keeps the clock running during 
computer down times. 


clock stops the moment the first 
digit is entered and starts again on the 
first “read” command. A “write pro- 
tect" switch prevents the clock from 
being accidentally stopped or changed. 
The clock can be used with most BASICs, 

The price of the 100,000 day clock 
is $219 assembled and tested, and $179 
in kit form. Write to Mountain Hardware 
Inc, 5523A Scotts Valley Dr, Scotts 


Video Boards interface Video Monitor 
to Inte] Single Board Computer Bus 


The MSBC family of video interface 
boards are designed to Interface a video 
monitor to the Intel single board com- 
puter bus, The two cards in the family 
may be used either singly or in combina- 
tion to provide a variety of alphanumeric 
and graphic display capabllities. Graphic 
resolution ranging from 256 by 256 to 
512 by 512 points may be obtained 
from the MSBC-512, while a 24 line 
by 80 character display is produced by 
the MSBC-2480. Multiple cards provide 
limitless possibilities for color or grey 
scale imaging. A set of software packages 
are available to facilltate use of the 
single board computer system. For 
further information about the MSBC 
family, contact Matrox Electronic 
Systems, POB 56, Ahuntsic Station, 


lt is set by entering binary coded 
decimal digits at each time port. The 


Valley CA 95066,0 


Cicle 57? on inquiry card. 


Montreal, Quebec CANADA H3L 3N5.8 
Circle 578 on inquiry card. 


COMMERCIAL GRADE EQUIPMENT - HOBBYIST PRICES!! 


E SELECTRIC I/O TERMINALS (by GTE/Information Systems}, Both ASC II 
& IBM code versions with microcomputer interface software & hardware IRS- 
232 connector.) Cassette drive models permit up to 2400 baud data transfer 
rate as well as off-Hne data storaga, sue as memory typewriter, & use as data 
entry device for office personnel familiar with Selectric Typewriters but not 
computers, Wide-tarriage, interchangeable type spheres; optional built-in 
modem. All units cleaned, adjusted & warranted, 

Model 5541, . . $695.00 
. $1195.00 


. $1295.00 


Medel 5550 (carres, code, bulit-in ‘cassette drive! 

Model 6560 (ASC 1] code, built-in cassette drive) 

E IBM SELECTRIC 725 TYPEWRITER 1/0 wisolenolds switches & magnet 
driver PCB {fram GTE/IS terminai) plus instructions for 8080 printer/drivar 


interface. 7 
al Typewriter mechanism complete, cleaned & adjusted $375.00 
b} Case from terminal & pawar supply (+24V, +£12V, +5V @ 6A} 75.00 
c) a & b plus complete interface to mCPU 8-bit parallel port 
and 8080 janquage printer-driver/ASCII translation program $600.90 
E IAM SELECTRIC ACCESSORIES: 
a) Pin-feed Platens (13 1/8” pin-to-pin} for 15° carriage typewriters (new) $50 
b) APL Type Spheres (EBCD No. 988, Corres. Code No. 987), new $20 
c} VO Conversion Kit for 13" or 15" Office Selectric | or H: $200,00 
E DIGITAL CASSETTE DRIVE {fram GTE/S Terminal}: 1800 baud, 6"/sec; 
AC motor; fwd/rewnd circuitry ptus tape head, no read/write electronics $25. 


E FORMS TRACTORS, Moore Variable width “Form A-Liner“tor print terminals: 
a) Mogel 565P for 15” Carriage IBM Selectrics (new): $50.00 
b) Model K81 for QUME or DIABLO Hytype | oy I! printers (naw): 


Call or write far details, quantity prices, catalog, 15 day 
return privilege PLUS 90 day no charge replacement of 
defective parts, All orders shipped from stock. No back 
orders, no substitutions. M/C & VISA accepted. 
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PACIFIC OFFICE SYSTEMS, INC. 
2600 El Camino Real, Suita 502 
Palo Alto, Calif. 94306 

4415) 321-3866 


NO RISKI 15 DAY 
APPROVAL ON ALL 
MAIL-ORDERS, FULL 
REFUND ON RETURNS. 


S DAISY-WHEEL I/O TEAMINALS by Gen Com Systems [30 day warranty) 
Mode! 300: Full ASCII keyboard, 30 cps, Hytype $ printer, RS-232 $1600 
Moge! 300Q: Same as above w/QUME printer, 46 cos-$2100, 56 cps-$2200 

B MODEMS: Bell 103 & 202 styles by VADIC Corp. : 

Bel! 103: 0-300 baud, full-duplex, asynchronous serial deta transfer; inctudes 
auto answer circuitry; 3,000 mile range. , 

VADIC PCB (Send, Receive, Controi} w/interface instructions $89.95 
VADIC PCB wipower suppiy, cass, LED'S, ElA connectors $149.95 
Bell 202: 0-1200 baud, half-duplex, w/reverse channei transmission, 

VADIC PCB wiReverse channel, manual DAA style $149.95 
VADIC PCB wipower supply, case, LED's, ELA connectors $219.95 

B INTERDATA 6-BIT MINICOMPUTER (Model One}, includas full front panel, 
4K core memory (16K sddressable), built-in teletype port, 4 DMA channels, 
software. Optional serial 1/0 card, tape drive controlier & software for Ampax 
TMX; FORTRAN wéfloating point math. $300.00 

a AMPEX MODEL TMX TAPE DRIVES: Ideal for microcomputerist whe 
wants backup mass storage or access to IBM-type systems vis standardized 
2400 series 14" mag tape. Specs: 9- treck, NRZ1 standard, 800 BPI, 12''/sec., 
4200 ft. rests (11 megabyte capacity.) Orive is lika new & comes with 8-bit 
CPU controller diagram (requires only 11 1/C's} & MCPU interface instructions. 
Prices: Drive & Documentation . . s a >» s o $790.00 

Cantraller & cable far MCPU, assembled & tasted . $200.00 

Hi-speed saarch option: controller moves drive at 72" /sec . $ 50.00 

Software listing to read std IBM tapes, translate to ASC II . $ 50.00 

B POWER SUPPLIES tor Disk Drive mCPU, tested under load shown: 

—No. 519 (w/fan & AC cord): +5V reg., +12V reg, +24V, @5A (10 Ib.) $39.95 
-LAMBDA No. LMEES w/OV protect: +5V req @25A (35 lb.) $59.95 


4 . ' 


Full documentation included PLUS interface instruction 
where indicated. All equipmant is shipped insured FOG 
Palo Alta within 14 days after check clears ar COD 
order is received. Prices may change without notice. 
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IN MAGNETIC ENVIRONMENT 
BECAUSE THERE IS NO 
HIGH VOLTAGE OR 
MAGNETIC DEFLECTION 


USED FOR CHARACTER 
RECOGNITION FOR 
COMPUTERS WITH 

EXTERNAL CIRCUITS 


MAY BE USED IN 
A VACUUM, 
UNDER WATER, 
HIGH ALTITUDE 


VISIBLE 
OR 
INFRA RED 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 


FEATURING A...100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 


THIS UNIQUE UPDATED CAMERA KIT l 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


ADVANTAGES FEATURES 


« IN THE FUTURE e Sensitive to infra red 
WE WILL SUPPLY A as well as visible light 
COMPUTER VIDEO INTERFACE CARD May be used for IR surveillance 


All clock voltages operate at 6V with an IR light source 
reguiring no adjustments Excellent for standard 
Higher video output signal surveillance work, because 


We supply the power board, so only of light weight and small size 
a 5V 1 Amp power source is needed All components mounted on 
The circuitry has been simplified for paralle| 344" x 6¥2" single 
easier assembly sided boards 

Two level TTL output is supplied for Total weight under 1 Ib. 


interfacing $34Qg00 : 
KIT 


Add $75.°° to assemble and test 
Add $2.00 Postage and Handling 


We supply all semiconductors, boards, data sheets, 
diagrams, resistors and capacitors, and 8MM lens. 
Sorry we do not supply the case, batteries and 5V supply. 


CEM DIP SOCKETS 
BPN VF m4 PIN a5 

=] JA PIN .20 28 PIN 4o 
1G PIN 22 40 PIN 66 


ba Brn 


TRANSISTOR SPECIALS 
2NG23I NPN SWITCHING POWER $ 1.05 
MAF-8004 » CB AF Transhtor NPN $ - 
IND777 NPN Se TOS $i. 
21546 PNP GE TO.3 
INA PAF S TO 4 


UNIVERSAL 4Kx8 MEMORY BOARD KIT PRINTEC CIRCUIT BOARG 


$69.95 417700 1 2 SINGLE SIDED EPOXY 
32-2102-1 bully buffered, 1G address lines, on MORAL I MG tiia kate el 
bord decoding lor any 4 ol G4 pages, standard $.60 ca. 5/$2.60 


44 pin buss, may be wied with Fg & KIM 7 WATT LO-GSLASER DIODE IR $895 


EXPANDABLE FS CPU BOARD KIT 
$99.00 


featoing Fanbug PSU 1K-ol sigue cam, AS 239 
Interface, documentation, 64 BYTE reqs. er 


C MOS IDIQDE | CLAMPED 
74073 - 
Me- 
74C83 - 
T4C5R - 


2h 3820 FET 

7h 5457 N FET 

2N2646 WIT 

ER 100 THIGGER OIQUES 
ZN GOZH PHOG WT 


MINIATURE MULTI-TUAN TAIM POTS 
100, 1K, 2K. 5K, 10K, 20K, 50K, 100K, 
200K, 600K, IM, 2Meq, $.75 oach 3/$2.00 


CHARGED COUPLE DEVICES 


JNGOSG NPN Si TO 3 N} aiia 
PNS086 PNP S TU 92 
INJIJ7 NPN SAF... 


INIGIO NEY STO RE 
2N1420 NPN $ TOS 
QNTT6T HFN S TO GÜ 
IN?272 MPN Se TO 18 
ANJ0GS MPN S TOJ 
@N3504 NPN S TOO? 
PN3906 PNP S TOQ? 


A 
S 1010 G IO WATTS 
Sı 1070 G 20 WATTS 


S 1060 GSO WATTS. 


72UF JSV 551.00 
AUF 35V 5 $100 
GAUF gow D S1 00 
wr Suv 5510 


6OuF 35y 45100 
1QUF 10w 
22UF 25 
15UF 35 


2N529G NPN S$: 1-220 
ING6109 PNP Si TO 220 
Ft ABH PAD Si feu . 
PS4 13 NPN SI 


TTL IC SERIES „uag - 


T4Co0 - 
401651 
140160 
7a 
740174 
raC176 
Moro 
TACHI 
MEIG? 
g5 Tacgtd 


Z2UF 2045 51 00 
23UF 20w 495100 
ATF 15¥ 5/S1.00 


JOUF Gw 

atur 20V 
68 UF 15W 
10G UF 10¥ 


CCPH 201C 1004100 Image Sensor 

CCD 2020 (00x 100 image Santor 

VERIPAX PC BOARD 

This board Js a 1/16" single sided panor spony 
boord, dhas” DRILLED end ETCHED which 
will hole yp to 21 single t4 pin IC's or 6,10 or LS 
DIP 16", mith estas for power supply connector. 


FP IMO PTO TRANS So 4 

RED, elon. GREEN on AMBER 
LARGE L 

Tlk-118 PTO. Isolator 

MOLEX PINS 


LMI? 
1M 308 
Loar 
LM NB 
Lat aad 
La Jap 


6/$).00 

. 5 5 

» 10015100 

1000/58 00 
IWATT ZENEAS: 3.3.4 7,656.0 1.10, 


12.15, 18. or 22 6/51.00 
MC6B60 MOOEM CHIP , _. $9,95 


MCM 571A Tk 9 charactor gen ... $10.75 


waLehd = n Aw 
PLPG — Me 
JALŞAEN ~ 
PLSP - 


Se Oe bee HAN Ahn E aG 
10% 
tia 
aout 
baw 
aim 
wn 
tin 
EEES 


err ZICETI S Ata 
Haag TTD A Ragh aia 

PMA TAS PATE ANGES LURE BORE SIG] pad thks ay 
ERAAN PRG ug a Len teeta 

YS eS ey or Go de PACHI 

Heit ms? 

Pasa arate cael | nig BH 

SADT CHAI ACRE H LEN At M WO ALE 

Peli eager 2H Tmien 

NOFI tAm: MDH Tq dee a tit 
eS ahd a AOCLAYT AT 

Ms ae M DYM 


ua 
pin Silicon Power Rectitiars 
daos BPAY OIA A PA 04 5A MOA 


AMAT KTA ee Te eS Ee e To) OG 14 30 70 
200 of 2 


400 09 25 
RIBBON CABLE 
CAVSTALS 5145 ea | | AT ICOLOR CODED cop i -10 
ap CWA #0018 3580 
G00 bis Tete a 
A DOD Mt 2 oad SAD 1024-0 G 
50 cond. «Oper lod Giigade™ phitt reguuer. 


230 10 50 1E 50 
775 1750 20.00 
1024 Hoge analog Bucket 


511,96 


DATA CASSETTES ZHR $ 8b 


22/44 Pin Salder Tall 156" Conn. $1.96 


Oi iir 


CTS 206.8 ehi nouban thp saneh .... $160 
C1S$-206-4 tou pannor dy sach . 105 
LIGHT ACTIVATED Sf fy 
TO 18 200w 14 


SILICON SGLAA CELLS 
24" diamater av at 600 ma Så 00 


FIND asa t.c.. 5.50 LED HEASSUTS 
FOS O24 a digir DL-704 C.A, 3" 
CC. a" daploy $5.05 OL 747 C.A. 87 
FAD 503 CC 6° $ as FeO 807 ¢.¢ a” 
FNO 5IQ ÇA B'S BS FAO GIO... a 
DL 70a. J CE $ aS 


MAYIN — 
PLMN — 
MHN- 
Dba t LE E 
magia - 


TAF 
LM 1310 2 
0 


petezenses 


MM 538744 now clock chip which will directhy 
Ag232 O8 275P mole $2.35 Ah ly & al 5 
CONNECTORS DE ?58lemsie $2.95 tkiva LED’ 12/24 hes., 1 supply & alarm $5.95 


HOODS ... . KI 


3.470 j 


NO, 30 WIRE WAAP WIRE SINGLE 
STRANO 100' 51,40 


ALCO MINIATURE TOGGLE SWITCHES 
MTA 106 SPOT So 
mta MG DPOT , 

MTA 2084 P-OPOT CENTER ‘OFF 
MSO 206 f-DPOT CENTER ore 
LEVER 661TCH 


340K -12,55 
or dy.. 
4407-5, 6, 8, 12 
13.18 of Ayt 95 
7a MG . £1.96 1 
74 MG 181.35 | 


SOLID STATE SALES 


P.O. 80X 746 
SOMERVILLE, MASS. 02143 TEL. (6471 547 7083 


s” S 1.70 


$ 1.08 


$1.95 $ 185 


WE SHIP OVER 95% 
OF OUR GRDERS THE 
DAY WE RECEIVE THEM 


Terms: FOB Cambridge, Maas, 
Sand Check or Money Ordar. 
Include Portege, Minimum 
Order $5.00, CD'S §20.00 


Seu Pg ier ar catala Pasi Veep 
TATL ES 


VG Hugpshire $1., Cambie, Muss 
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Video Display Terminal Features Memory Lock 


The Micro Bee 2 is an 8085A proces- 
sor controlled buffered video display 
terminal. Among the Micro Bee 2 fea- 
tures is the ability to invoke the memory 
lock that allows the operator or host 
computer to lock a position of the dis- 
play while entering or receiving data in 
the unlocked portion of the display 
memory. The invisible memory address 
pointer can be used to read to and write 
from the display memory, independent 


of visible screen functions. Standard vis- 
ual attributes Include normal, reverse, 
blink, underline, and half intensity video 
levels, Logical attributes Include pro- 
tected data flelds and numeric only 
flelds, as well as modified data field 
transmission. 

The display format is based on 24 
lines of data with 96 characters in each 
line. 80 of the character positions 
are displayable, which leaves 16 non- 
displayable character cells available for 
field attributes. The line drawing 
graphics capability allows for the crea- 
tion of forms on the display using the 
vertical and horizontal line features. 

The expanded characteristics of the 
Micro Bee 2 include a bidirectional buf- 
fered serial auxiliary port, XY addres- 
sing, read cursor address, read terminal 
status, time of day clock, and 128 ASCII 
characters with descenders on tower case 
characters. 

The Micro Bee 2 sells for $1695 and 
is available from Beehive International, 
4910 Amelia Earhart Dr, POB 25668, 
Salt Lake City UT 84125.¢ 


Circle 615 on inquiry card. 


Synchronous Interface Module from International Data Systems 


sedate 


The 88-SAI provides a synchronous 
or asynchronous interface for any S-100 
bus processor. The 88-SAI is intended 
for use in special communications re- 
quirements such as synchronous com- 
munications between S-100 computers 
and large scale computers, high speed 
modems, data encryption devices, or 
other S-100 computers. 


The module allows data transfer 
fate, word size, parity and a number of 
stop bits to be selected under software 
control. Also under software control are 
synchronous and asynchronous mode 
selection and functions associated with 
synchronous communications, such as 
the number of sync characters. 

it is fully compatible with RS-232C 
interfaces. Additional provisions are 
made for interface to nonstandard de- 
vices requiring that various signals or 
handshake lines be inverted. 

The 88-SAI is avaitable in kit form 
for $199, or assembled, tested and with 
a limited warranty for $299. Contact 
International Data Systems Inc, 400 N 
Washington St, Suite 200, Falls Church 
VA 22046.8 


Circle 616 on inquiry card. 
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16 Port Serial Board from Ohio Scientific 


Boag: 


PE: SP pie 
"Tea aT 
= ms . 
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A new 16 port serial IO board has 
been announced by Ohio Scientific, 
1333 S Chillicothe Rd, Aurora OH 
44202. The board can be used on any 
Ohio Scientific computer system. It is 
available fully assembled as the Model 
CA10-X, where X specifies the number 
of serial ports on the board, from 2 to 
16. The board features RS-232 and high 
speed synchronous interfaces that can be 
mixed in any combination. The com- 
munications transfer rate of each serial 
port is jumper selectable from a crystal 
control clock circuit able to support 
operations from 75 to 19,200 bps 
asynchronous, or 250 to 500 K bps ina 


Used Computer Equipment Avallable 


Computer TEXTile announces the 
availability of its {Ine of reconditioned 
hard copy hardware. The company fea- 
tures the DTC 300A terminal which uses 
the Diablo Hytype I daisy wheel printing 
mechanism and the Gen Com 3000 term- 
inal which uses Qume Q30 series daisy 
wheel printing mechanism. Both of these 
terminals run at 30 characters per sec- 
ond, are ASCII encoded and come stand- 
ard with an RS-232 interface. The 
Diablo terminal has an 82 key keyboard 
with 11 key numeric pad. The Qume 
terminal has an 86 key keyboard with a 
15 key numeric pad, Both terminals have 
full graphics capability. The Qume term- 
inal also features Super Plot which 
aliows plotting at 5 to 50 times the 
speed obtainable with the Diablo. 

Options include 45 and 55 characters 
per second mechanisms for some Qumes, 
pin feed platens and tractor form feed- 
ers. Both terminals come with a limited 
30 day warranty. 

The Diablo is priced at $1995 and 
the Qume Is $2150. Computer TEXT- 
ile Is located at 10960 Wilshire Blvd, 
Suite 1504, Los Angeles CA 90024.0 


Circle 617 on inquiry card. 


Alphanumeric Display and Keyboard 
Controller 


The MTX-B1 is a general purpose 
programmable alphanumeric display and 
keyboard Interface device for use with 
an 8 bit processor. The display portion 
provides all timing and refresh signals to 
drive up to 32 characters in standard 7, 
14 or 16 segment formats. The keyboard 
portion provides all scanning signals, and 
debounces and decodes any keyboard 
with up to 64 keys, The single Integrated 
circuit controller interfaces directly to 
the microprocessor via the data bus. 
Many intelllgent commands for display 
and keyboard manipulation are incor- 
porated. 

The integrated circuit requires a 
single +5 V (£10%) 60 mA power sup- 
ply. All display and keyboard input; 
output (IO) pins are TTL compatible. 
The MTX-B1 can be interfaced to any 
TTL, CMOS, or NMOS processor 
through an IO port or bus. The inte- 
grated circuit is available in a 40 pin 
dual-in-line package (DIP) for $49. For 
more information write Matrox Elec- 
tronic Systems, POB 56, Ahuntsic Sta, 
Montreal Quebec H3L 3N5 CANADA.» 

Circle 618 on inquiry card, 


synchronous mode, Al) 16 ports can 
be jumpered to be paged at the same 
address via Ohio Scijentific's memory 
management hardware. Each port is 
based on a fully programmable ACIA 
capable of running both in asynch- 
ronous or fully synchronous mode. 
The CA10-X 16 port seria) interface 
board is available for $200 for the first 
two ports plus $50 additional for each 
extra port up to 16.8 
Circle 619 on inquiry card. 


Circle 306 on inquiry card. 
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LM3A 3dig 1% DC ......... $120.60 
LM3.5A 3⁄2 dig .5% DC ..... $142.65 
LM40A 4 dig .1% DC ....... $188.10 
LM4A 4 dig .03% DC ....... $225.00 


es batteries and charger in- 

clu 
Measures OC Volts, AC Volta, Ohms and 
Current 
Automatic polarity, decimal and overload 
Indication 

» Measures DC Volta, AC Volte, Ohms and 
Current 
Automatic polarity, decimal and overload 
Indication 

" no zato adjustment and no full-scale ohms 

ua! 

' Baitery-operatad — NiCad batteriss; also AC 
ling operation. 
Large LED diapley for easy reading without 
Int milon 

+ Sire: tH x2 We eo 
Paris & labor Quarenteod 1 year 
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Ottety 
m keurs Th cmc eptacies wth 100 contact (2 
Ralo 125 cesna wen 250 rem spate 
Specter pat urea 641-2. or Pepats 10 reten- 
Hacen PASS ANIC OMNECLON ia Lamy mathe beini 
for CUD 
A acide PILAE Cat ud) aed ALEEA het apaa at 
ed piap. w bosgani 
a kage totes + SV and CAD [IG AMPS), igwa teri? 
AMPS) Carras ranga ara pae MIL-STO-22S wet E 


ria 
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a Faa m HREM BORD merotan st expaneer beard 


116 JIT BOARD 


.042 dia holes on 
0.1 spacing for IC's 


PRICE 
; 9 10-19 
1,56 $1.40 
68 $3.32 


Price: 


Phenolic 
PART NO. SIZE 
G4P44XXXP  4.5x6.5" 
1BOP44XXXP 4.517" 


a oy Glees 
66P44 
BAPA 
169P44 
169P84 


4,5x6.5" 
4,5x8.5" 
48x17" 
6.517" 


PRICE: $16.96 


P.C. BOAAD 
HOLGER 


$29.50} 


nee PAOFILE 


© 


$318. 


MS-15 


MINISCOPE um A Beene AM 


» 15 megahertz bandwidth. 
+ External and internal trigger. 
» Time basa — .1 microsec. to 0.5 Secitiv - 21 


PROBE 1¢ 
PROBE KC with the 
purchase of SCOPE 
f and the MENTION of 
this MAGAZINE 


satlings .-32%. di 
a Ballery or line opersiion. F 
+ Automalic & line syôc modes. | 
© Power cansumphon < 15 watts. N- A 
n yonca Gan — O1 10 40 Vide: 12 asinge 2 1% 
S Viawing ersz 1 1” r 1.35”. 
. age Bea nega a "D. Jnounos 


a Pete k Labor guermiond: 
= Det, AD meg probe ae 
Leather tarrag cana 


e MS-215 Dual Trace Version of MS. 16 $435. 


ots §-100 BUS EDGE CONNECTORS TA | 


SISTO 50100 Cont 125 ctrs 
DIP SOLDER TAIL on 250 spaced 
tows for VECTOR and MAS! mother 
Doards GOLD plated 
1 59 10-24 

83.80 1325 NO 
AGAL- 50100 Cont 125 ca 
PERCED SOLDER EYELET taits 
GOLD 


$7.53 


SIOO-WWG 50'100 Coni t35 chs 3 
LEVEL WIRE WRAP 025 s0 posis 
on 250 spaced tows GOLD ciated 
14 $2 40-24 
0 £275 £3.00 


ARGAIA SO100 Cont 12% cre OP 
SOLDER TAIL on 140 speced tows 
for ALTAIA moharbowds GOLD 


10-24 


Other Popular Edge Connectors 
RLO 2284 Cant 156 chs AG443 22/44 Cont 158 cva WIRE 
PIEACEO SOLDER EYLET tats WRAP tads GOLD 
GOLD slated 14 
4 a 1024 

HO 275 RY 
CG.1 IMSAL Siyte Card Guides 981.00 
ATTN: OEM's and Desters, many other connectors available call at quotation 


Universat Microcomputer ‘processor 3682 9.64.5" 
plughoard, use inner 100 gs $10.97 

ile with heat sink & hardware x > 
s 3682-2 6.5" x45" 


10-24 $9.81 


Hi-Density Duat-in-Line 
Plugboard for Wire Wrap 
with Power & Grd. Bus 
Epoxy Glass 1/16°' 44 


Same as 8800V excepi piain. less power 
buses & heat sink 
1-4 59 
14.95 13.45 


10-24  pincon. spaced .156 


14,96 
a 


Snape eee 


cation! 
3 LEVEL 


GOLD WIRE WRAP 


SOCKETS 


Sockets purchased in multiples of 50 per type may be combined for best price. 


1-24 25-49 50-99 100-249 250-999 


41 
39 
43 


35 
36 
39 


8 pin’ 
14 pin® 
16 pin® 


31 
32 
36 


“a7 
63 
70 


68 
84 
1.20 


63 
.80 


18 pin 
20 pin 
22 pin® 90 


24 pin = 90 
28 pin 1.10 
40 pin 1.50 


54 
70 
80 


.78 
30 


140 1.30 


1K-5K 
27 

29 

32 


All sockets are GOLD 3 level closed entry “End and skie stacable 2 level, Solder Tail, Low 
Profile, Tin Sockets and Dp Plugs avertable CALL FOR QUOTATION 


LIQUID CRYSTAL DIGITAL 
CLOCK-CALENDAR 


a For Auto, Home, Olfice 

e Small in size (2x2 %x%) 

© Push button for seconds relesse for date. 

© Clacka mount anywhere with either 3M double 
aided tape or VELCRO, included 

® 2 MODELS AVAILABLE. 
LCD-101, ponable model muna on sell-coniained 
batlerion for better than a yaar 
LCD-102, runs, on 12 Voll eystem end ia tack: 


ES $34.95.. 


æ LCD 101 o LCD-102 


3677 9.6" 44.5" 


$10.90 
3677-2 6.5" x4.5" 


$9.74 


Purpose D.I.P. 
Boards with Bus Pattern $11.45 

tor Solder or Wire Wrap. P paltern pluydoards for 
Epoxy Glass 1/16"' 44 IC's Epoxy Glass 1/16" 
pin con. spaced .156 44 pin con. spaced .156 


3662 6.5''x 4.5" 


7. 
Gen, 3662-2 9.6" x45” 


3690-12 
CARD EXTENDER 

Card Exlender has, 100 con- 
tacts 50 per side on .125 
centers-Attached connec- 
tor-is compatible with 
5-100 Bus Systems. $25.83 
3690 6.5" 22/44 pin .156 
ctrs. Extenders .... $13.17 


14 & 16 PIN 
OLD 3 LEVEL 


YAWIRE WRAP 


FACTORY PRIME 


$ 9.00 EA. 
25 + Call For 
Price 


IM-10A Liat $85.00 
SPECIAL 


| e) $54.95 with tube { 


315-S wma s 315 
but wth 14° bar to 


Perfectly balanced fiuorescent Iighilng 
with precision magnifier lens. Tough 


, SOCKETS 
14 - G3 100 for 
$30.00 

16-G3 100 for 
$30.00 


50 of each for $32.00 
Sockets are End & Side stackable, 


closed entry 


{I S | /\ 


u JNO 


= 


IOI M 


| | 


— 


DË 


| 


UOHO 


thermoplastic shade. Easy tens re- 

moval. New wire clip design permits 

easy installation and removal of 

fluorescent tube. Comes with plastic 

shield to protect tube from solling and 

damage. 

Colors: Gray, Black, and Chocolate Brown, 

Comes with one 22 watt T-8 Circiine Nuorea- os 5 

cant lube. 3 dloptec tena. $ i z = 


Price Breakthrough! s16% zl SPECIAL 
P dasanan or 345% 214CS2 100 for +14" 
(2:48 MA1003 716052 100 for 118 
CAR CLOCK | -- 


Pa 


PRICE: $11.95 
STANDARD 


Ise HE AD 
=A, PRICE: $12.95 


accomadate "S190" 


a 


PRICE: $11.96 
VACUUM BASE 


p= 


PRICE: $16.95 


1s gs 
h pag T 
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e t8 pin CS2 8 for "2" 
These low cost DIP sockets wii accept 
both standard widih plugs and chipa. 
For ute with chipe, the sockels oller a tow 
prolite height of only 125" above the bosd. 
‘These sockels ara end stackable, 


24 PIN DIP PLUGS 
WITH COVERS 


VISE REEDS K 
PANAVISE TILTS, TUANG, AND \ 
ROTATES TO ANY POSITION. 

IT HOLDS YOUR WORK 
EXACTLY WHERE YOU WANT IT. _ 


WRAP POST 
far .D42 dla. holes 
iall boards on ihis s paga) 


TAUC pkg. 100 . 
TAUM prg. 


; Bright Green Fluorescent Display Crys- 
tal Time Base Assembled, jus! add 
PRICE: $12.95 | switches and 12 VDC. 


PRIORITY | | ELECTRONICS o 
46723B Roscoe Blvd. Sepulveda, CA 941343 ‘ 


Tarms: VISA, MC, BAC, check, Money Order, C.0.0., U.S. Funds Onty. CA residents add 6% sales tax. Mini- 
mum order $10.00 Orders less than $75.00 include 10% shipping and handing, excess refunded dusil in case 
. . please include your phone no. Good thru FEB. '79 


phone orders welcome (213) 894-8171 


Our new retail location! 
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1000 
4-13 band installing 


OEM and instilutional inquiries invited. 
lool .,..-5: 8 


40/31 0.00 


Send for our lateal brochure, 


Visit 


\ Jin: er ae a pes Foe prea i 
Visit Our New rela IOoCaTON! è 
‘Or, 7 MOS LSI INSERTER [~] 
: vono ty A: . PC CARD GUIDES Tool is crome plated ABS for aot 
S REGULAR WRAP : at’ & BRACKETS excellent static dissipation. 4 


Tool has ground lug for 
connection to grounding strap. 


HOBBY WRAP 


TOOL 


QUANTITY — ONE SET (4 pes.) 
SIRE bills UNWRAP TRS-2 kit includes 2 TR-! guides plus 2 mounting MOS - 40 $7.95 


brackets. Support brackets feature unique stabilizing 
post that permits secure mounting with only | screw. Sa P.C.B. TERMINAL 
È : Guides & Brackets | TRS-2 [gage Rena STRIPS 
| ne = 
P T5- 8 
fF ; WIRE DISPENSER ao EABEL 


AN y 
À 


WN 


aoe 


| Ss ‘er 


a With 50 ft. Roli of AWG 30 i Teu wees ; 
; KYNAR’ wire-wrapping wire. ne action. accommodate wire aes 1436 AWG lB, 
À i e o f, ne mm, 
Wire-wrapping. stripping, unwrapping too Cuts the wire to length. Sacer oa OO INEA JENI CEMA = 
AWG 30 0n.025 (0,63mm) Square Post. 2 es i of insulation. 
@ Refillable 
Regular Wrap WSU-30 E ER TERMINALS 
“Modified Wrap | wsu-30M___L WS teeta eera ~ T = .025 (0,63mm) Square Post 


| WO-30-W_ [$23.96 | wert a 3 Level Wire-Wrapping 


| Stotted Terminal | WWT-1 | $2.98] 


were 
REFILL ROLL OF WIRE te | nge Sided |wwr2| 3298] 


Wire for wire-wrapping AWG-30 iS = gi y| IC Socket Terminal__| WWT-3 | $3.98 | 


(0.25mm) KYNAR® wire, 50 tt. roll, | Double Sided = | wwr-4 | $1.98, 


silver plated. solid conductor, 25 PER PACKAGE 
easy stripping. 


HOO] MOU INO {ISIA 


xcs. The bon 30 AWG Blue We SOft Roll f R 308-0050 [$3.58 | [TERMINAL INSERTING TOOL 
tpacing Edge contacts ais non dedicsted for menmurm Nexieity, 30 AWG Yellow Wire 50ft Rol] R 30Y 0050 | $198 | [For inserting WWT- 1, WWT.2, WWT-3, 
oe see a ne AE a a a na | [30 AWG wmie Wee SON Ron | R 30W0050 f $198] jand WWT-4 Terminals into 040 
modete any DIP size from 6-40 pns, as wall sa discrete components 30-AWG Red Wire 50ft Koli | R30R 0050 f $1.98 | (1,01 mm) Dia. Holes. 
Typical Genecty © IB of 14-Pin or 16-Pin DIP's. Components may be 
toldered directly to the board of iniermediste sochets may be used for | ins-1 | $2.49 | 
eoldenng or wire-wrapping 


Taro independent bus systems ere provided for voltage snd ground on 

boih sides of the board. in addition. tha component sida contains t4 

individual busses running tha full length of the board for complete wir- 

ing Mexibility. These bunses ensbie access from edges contects to distant 

camponenies These bustes can sieo serve io augment the voltage or MOBBY WRAP 
Ground busses. and may be cut to length for particular applications. . - A 


Model BW-630 


OQ 


oby Board 708-1 ja 
PRECUT 


ZA WIRE 
Fast ¢ Reliable « Economical 


[ene 


* No mora cutting à stripping by hand r 
s Cheape than using bulk wire TRI-COLOR WIRE DISPENSER 
PRECUT WIRE BULK WIRE WD - 30 - TRI $5.95 
peal Colon: Red Gue Geen. Yelons R-30-TRI 3 color refill $3.95 B atter y 
è With 50 ft. ea. of RED, WHITE, BLUE wire = - 
Cuts the wire to length wire 


Strips 1” of insulation 


Refillable wrapping 


DPIC INSERTION TOOL + PIN STRAIGHTENER tool 
WIRE KITS COMPLETE 
#2 $19. 


“ty ; WITH BET 
f 


21 
3 
Iv 
4 


4% 
5 


Span Szess 


See SRRx 
Vann aaa 
ORRE BARZE 


5%" 
8” 
6%" 
100 7" 
1-250 ft. Rolt 


ANDS EEVI 


SERASLHTEN PINS RELEASE PICK UP INSERT For .025” 


(0,63mm) sq. post 
QUANTITY — ONE PAIR (2 pcs.) 14-16 Pin Dip IC inserter | INS-1416 ] $3.49) "MODIFIED" wrap, 
TR-! consists of 2 guides precision molded with iti H j 
unique spring finger action that dampens shock and positive indexing, 


vibration, yet permits smooth insertion or extrac- anti-overwrapping device. 
tion. Guides accommodate any card thickness 


from .040-.100 inches. |__For AWG30 | 8w-630_| $34.95° | 
| For AWG 26-28 | Bw-2628 | $39.95°| 
| Card Guides | TR1 [$209 23 [Bitto AWG 30 | BT-30 | $395 | USE “C” SIZE 


NI CAD BATTERIES 


Bit for AWG 2628| BT-2628 | $7.95 | inot ineLunto: 


9 DIP/IC EXTRACTOR 
= PRIORITY ELECTRONICS. C_| ™ È 
hy 16723B Roscoe Blvd. Sepulveda, CA 91343 The EX-1 Extractor is ideally suited for hobbyist or QO 


. lab engineer. Featuring one piec rin . 
A VISA. MC. BAC. check, Money Order. C.O.D. US Funds Oniy CA residents add 6% sales tax Mim- “struction. It will extract all LSI. MSI Sd ost oavices 
ig mum ordet $10.00 Orders less than $75 00 include 10% shipping and handling. excass relunded Just in case of from 8 to 24 pins. : 
please include your phone no Good thru FEB. ‘79 


Send lor our latest brochure phone orders welcome (21 3) 894-81 71 OEM and institutional inquires invited |__Extractor Too! | ext | $1.48) 


Visit our new retail location! 
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Indwidyal linned square pads 
surround mosi holes. ideal for 
mounling components by “lack 
soldering, Top of board pod tree 
lor mounting VO conneclors. 


14 $8 10-24 
19.95 17.95 15.96 


allow tack soldering of socket, 
pius second hole for component 


leads 


14 
21.95 


a] 
19.76 
6801-1 


Pæn no etched cireulity excepi 
contacis. Produces maximum 


U Nexibitty 


4 
14.95 


| id 
13.48 


10.24 
11.98 


AE TETRA B®, 


CONTINENTAL SPECIALTIES CORPORATION 


LOGIC PROBES 


CSC logic probes sre the ultimate tool for bresdboard design and testin 

These hand-held units provide an instant overview of circuit conditions, Sir 

to uss; just clip power feads lo circuit's power — set safe! switch to 

TTL:DTL or CMOS/HTL. Touch probe to test node. Trace logic levels and 

ulser through digital circuits. Even stretch and latch for easy pulse detection. 

Fastant recugaition of high, low or invalid levels, open circuits and nodes. Sim. 

ple, dua! level detector LEDe iell it quickly, correctly. HI (Logie “17: LO (Logic 

“0'7, Also incorporates blinking pulas datector. s.g. HI end LO LEDs blink on 

or off, tracking “1” ar “O7 states at square wave frequencies up to 1.5 MHz. 

Pulse LED blinks on for h seeond during pulse transition. Choice of three 

models Le meet individual requirements: budget, project and speed of logie cir- 

cuils, 

MODEL LP-1 

Hand-held jogie probe pesvidss instant roading a logie ee loe Taie Dain 

impedance: Minksum Detectable Pater: 


toon e tinal Wreguencyi 10 Mil MHz. Pulse Detector (LEDh High 
spond Lrain Peoh aveat. Pulse Memeory: Pulse or level transition Digs 
ttored. 


CSC Medel l P-1 Logie Probe — Net Esch ... 


LOGIC MONITOR 1 

Trace signals through al! types of digital eircuita Unit clips over any DIP IC up 
to 10 Each of Ite 16 contacts connects to a single- bil level detector that 
drives h-lotensity, numbered LED readout activated when the applied 
voltage exceeds s fined 2 V threshold, Logic “1” turns LED o8; logie "0" heeps 
LED oli. A power-seehing gate network automatically locates supply leads and 
feeds them lo the LM-1's internal cirevitry. Saves minutes, even bours in 
design, troubleshooting. debugging of equipment. Voltage Threshold: 2 V z 
0.2 V. lapat Impedance: 100.000 ohms. lapot Voltage 2 4-15 V max. seross 
any two or more inpuls. Current Drala: 200 mA at 10 24° hw 2 w, a 
1.76" d. when open. Weight: 3 ozs. 

CSC Medel LM-1 a Mositer — Spia 

sanre $59.05 


LOGIC HONITOR z 

Provides gresler versatilily and precision in testing all types of digital eireults. 
The tully isolated power supply and selectable trigger threshold let you mateh 
the prrcite characteristics of Lhe logic family under teat. permitting more ac- 
curale messurements, The connectorMisplay unit clips over any DIP IC up to 
18 pins. The power supply module contains the precision reference power sup- 
ply and logic [amily selector switch. Operation ix simple. Set the threshold 
switch 1o the proper logic family. Connect back clip lead to circuit ground. For 
CMOS circuitry, the red clip is connected to cireuit positive or Vee. The clip 
module is then clipped over the IC and the LED display inslantly gives Lhe 
logic states af all pins. Legie Threshelde: CMOS, 70% of cireult Vee: HTL. 7.5 
¥: TTL, 24 V: DTL. 1.6 V; RTL, 1.2 V. ee ae 
KH at O% duty cycle. Bize: Test Chip, 4” L x 27 w. z 1.75" d. whee apen; 
Powrr Modula, & w, a 5.63" d. x Y h. mar. Total Weight: 20 ars. Power Re- 
quired: 117 VAC, 5080 He 10 W: also available for 220 VAC, 50, 60 Hs at slight- 
ly higher prica. 

CEC Medel LM-2 Lagte Meslier — Complete. 


ACE « All- tor fast, solderiess, Model 
Circuit plug-in circuit building 238 
Evaluator ang testing 


Jual plug in any campaments with leeds to 032" da intep 
Connect wih solid mire up to i y oe modes iai 
4 ù oF meray 

Sete te wey ome noo Ree 
B [bey 
M jitter | 
Bald pra 
THE laen | 
Awe) 


LETELTE? "ITI 
EIU EES A3 
ea? 
aariel 
STs Te 


aby 
LLLE 
UZLL] 
LELEL] 
an wW 
21) (sen | rey A Baste 

BO ie | Bia & Wistin ne 
Den pgd ei ae tem ER Cerne Pet thew Norms d robber toe 


iC TEST CLIPS 
TC-143 in. $4.50 
TC-16 3 In. 75 
TC-16 tis giagi 
Pin oles. ae 
n . as 
bo Bik $ 


Terms 


Seng lor out tates! brochure 


Circle 306 on inquiry card. \ / ISH 


= 


a ANY OVP" has full power and 
grownd plenes beck to back. 
Amarna sccommodates 2, 4, 6, 
9° Dips 

14 
21.95 


$a 
13,76 


1024 
17-38 


is Jorm and size compalibis with 
INTEL SƏLEO Series and 
TIONAL BLC 80 Setles 
Microcomputer boards. Power 
and Ground byaees on boih sides. 


10-24 
36.00 


4007 
DEC LSI-(1. POPS, POPII Healh 
Hit P Pullen Epoxy Glass, 
Plug Board 8 43°18 167". Dual J8 
pin DEGIHEATH Connectors, 


14 5s 10-34 
1595 t7 1276 


1024 
17.535 


14 
45.00 


<9 
40.50 


power buses. 


ta 
14.00 


MODEL LP-I 
Zcooomy versisa of Modes ppl k npc than a voltmaler. Mors accarals ih han a a 
badena Puise: 300 


stope. lapot iepedanes; 300,000 

Manius, Espa Bignal IFrequa Ni 1.5 MHe- Palos Detector ILEDN High 
apeed trals or singile avanl. Pulse 
CBC Medal LP-2 Logic Proba — Hol Each . 624.95 
MODEL LPJ 
High speed logic prabe. Captures pulses as short as 10 na. Input Impedasee: 
$00,000 ochma. Mialmwm Detectable Pulse: 10 ce, Maxloum input Bigaa! (Fre- 
qeeocy!: SO Mie, Pulse Detecior (LED High speed train of single event. 
Palos Memory: Pulse or level transition detected and stored. 

$69.95 


CIC Medel LP-3 Logie Probe — Nel Each a 


Digital IC Testers and 
COUNTER 


II OOO AAA 


MAX-100 PORTABLE FREQUENCY COUNTER 
MAX-100 ls a portable, high prerision frequency counter Lhal seta new slan- 
fonts in performance and vatur. in a compact. portable case, it gives you con- 
our readings from 20 ffs lo a guaranteed LOO MH, with Bdigit accuracy. 
“oe readings with iM-ere. update and lar. samping rate. Precise readings, 
derived Irom è cryalal<cnirolled time bare with 3 ppm accuracy. High- 
sessilivity readiaga from signats aa jow an 30 mY, with diode overload protec- 
tlan Aet 200 V peaks. [aput algnals over 100 MHa aulomatically flash the mosi 
sigaifienct digit, and lo Indicate lnw-Daltery condition and extend ballery life, 
the entire displsy Mastee al 1 kits. 


s SPECIFICATIONS 


Prequcacy Range: 20 He lo 100 Mte guaranteed: (10 MHa typleal. Gate Time: 
1 pec. Resolution: ) He Acmrety: e 1 count + time bssa error. Input lm: 
¢ | megohm shuated by 58 pF. Coupling: AC. Aise Wave Benallivity: 50 
mY RMS at 80 Mie Uutereel Tima Hasa Frequency: 3.579545 MHz crystal 
oorillator. 
oan, 243 ppm al 26° C, Tempersture Htabiliz: Better than 0.2 ppm °C, 
050° C Max. Agiag: 10 ppm aa rose a he a heoeaect 
nl appears between Gib and 1: t when input exceeds 
I Tr Deemer: Bis h sigasls over 0,999,000 Hu. moet slgalficant felt hand? 
digit Nashes, allowing roe in exeeas of 100 MHz. y iaer these. 
pisa | nec. gata time. Lew Satlery Ladicates: When battery suppl y falls below 
6.6 VDC. all digits Mask al 1 He Pewor Required) Internal, 6 “AA” cells; exter- 
nal, 110 of 220 VAT lee aliminslor, aulo cigarelta lighter adapter cr 7.2-10 
VDC external eu] ry Chargiag: 12-14 hra. Sise: 1.75” h. 1 S22" w. z 
7.76" d. Weight: Sita’ iF Š Ibe. with batteries, 


COC Model MAX-160 Frequency Counter—Not Each ..,.,. 


MAX-100 ACCESSORIES 


Medel 100-CLA — Mobile charger eliminator. Nal Each osse 
Medel 100-0. A1— 110 VAC charger eliminator, Net Each . 
Medal 100-CA2— 220 VAC charger eliminator, brs + ' 

'l el Erch n 


ss hereee 


Medel 100-LLC — Low-toes Lip-al! 
Medel 100-MWA —WMini-whipanienna . > aes E 
Medel 100-CC — Carry case srepun +0. serassee 9,95 


pen seesreonee 


DOUBLE-ENDED 
zye elt uai 


NA 


Oe 
Same as 4608, excep! plain tess 


10-26 , 
27.20 


WV atl, ERER 
A! 


Adjustable gackaging 
system for bus 
microcomputers, compal bie 


wilh roy 8600 and IMGAI 
e080 


X Smari looking, VECTOR-PAK ASSEMBLED 
deluxe cases unma. MICROCOMPUTER CASES 


red by unalghtly 
f fasteners. 


screw o! 
= Finished in dark 
blue textured vinyi. 
© Insianti 


eccesai- 
ble intar ars with 


panels. 
° Fully eaisebie 1a- 
terior mounii ng 
systems for any ca 
of card spacing 
within size limia- 
ions. No cutting or 
orim, neces: 
foreted bottom 
wore! for cooler 


gover i $163.00 


DESCA! N 
Assembled case with lotaied bottom 
cover. installed mounting struts for card 
uides and receplactes or mother board. 
fde top loaded, s prone troni lo back. 
Card guide (12 t) and chassis plate 
supplied uninstalled, 


VP-1 VP-2 
$159.00 


Same an VPI axcapi 
cards oriented side to sida. 


Shipping Weight 25 ths. 


Logic Probes and Digital Pulsers 


DIGITAL PULSER 

The ultimate in speed and ease ef operation. Simply connect clip beads lo 
posilive and negative power, then touch DP 1's probe to a circuit node: 
automatic polarily sensor detects circuit's high or low condilion. Depress the 
pushbutton and trigger an opposite are pelse into ibe cireull Fast 
lroubleshooting includes injecting signals at key points in TTL, DTL, CHOS or 
other popular circuits. Test with single pulse or 100 pulses per second via built- 
tn dual control push-button, button selects single shal or continuous modes. 
LED indicator monitors operating modes by Mashing once for single pulse or 
continuously for a pulse train. Completely sulomatic, pencil size labifield pulse 
generator for any family of digital cirevits. Output: Tri state. Polarity: Pulse 
sensiig auto-polarity. yae aad Source: 100 mA. Pulse Traila: 100 pps. LED Ie- 
diester: Flashes for single pulse; stays lit for pulse train. 


CSC Medel DP-) Digital Pulser - Net Esch 


DIP JUMPERS 


FLAT RIBBON CABLE 
ASSEMBLIES WITH DIP CONNECTORS 
e Available with 14, 18, 24 and 40 contacts. 


o Mate with stendard IC sockets. 
© Fully assembled and tested. 


o Integral moided-on strain relief, 
o Line-by-line probeability. 


674.95 


MATERIALS 
DIELECTAIC: UL recogrimd gimas-fisd polyester. 
CONTACTS: Non-conosive copper aboy 770. 
pelts All cabis conductors sre #28 AWG 
wn. An colts ui graceadl a boots for oa 
tear down, 


A P DIP Jumpers are the low-cost, high- 
quality solution for jumpering within a PC 
oon, interconnecting between PC boards, 

uapa and motherboards; interfacing in- 

yi ogna: = _— ee: 


All's rainbow ca 
dard fongthe = are 6, 6121 18, 24 end 36 raat 
SINGLE-ENDED 
DIP JUMPERS 


— 


da 


“ae a 
§24106-12-A 105 1-A ERA 
bil lel la la 
bi al 
ar 1208 
rere eee ee oa 
H- ue” uD UF] 


nS 


$11 


ELECTRONICS © © 


Ur r lew | 


46723B Roscoe Blvd. Sepulveda, CA 91343: 


VISA, MC. BAC, check. Money Order, COD,.US Funds Only CA residents add 6% sales tax, Mini- 
mum order $10.00 Orders less than $75 QO include 10% shipping and handling, excess refunded. Just in case 
please inthude your phone no 


phone orders welcome a. 3) 894-8171 


etall loc 


Good thru FEB. '79 


OEM and institutional inquiries invited, 


(800) 423~ 5633 


HSI 


~~ 
iad 


| OJS] MOU Ir 
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New Kit Makes a “Flippy Disk” Out of 
a Floppy Disk 


Called the Flippy Disk Kit, this kit 
contains all the necessary tools to locate 
and accurately punch extra holes in a 54% 
inch disk so that the spare side of the 


_ disk can be used. Instructions explain 


the function of each hole and opening in 
the Jacket and the method of marking 
and punching the holes and testing the 
newly available side. The kit is designed 


Data Base Management System for 
Small Business Applications 


Ohio Scientific has introduced a pro- 
gramming breakthrough for small busi- 
ness microcomputer applications. This 


“programming innovation is called OS- 


DMS, Ohio Scientific's data base 
management system. This system brings 
the use of microcomputers down to the 
level of nonprogrammers. It allows 
untrained computer users to store and 
recall information from any one of 
Ohio Scientific’s full line of floppy and 
hard disk microcomputer systems. Each 
program in the OS-DMS library ls aimed 
at a specific small business application, 
such as real estate, automotive sales, 


to be used with North Star, Horizon, 
PolyMorphic, Vector Graphic, Vista or 
any other 5% inch hard sectored disk 
drive, The kit contains instructions, 
double sided “flippy plate,” a pencil for 
making highly visible marks on the black 
diskette jacket, and a ground and pol- 
ished hand punch for making the holes. 
The kit is priced at $9.95 plus $1 for 
shipping and is available from Square 1, 
614 18th Av, Menlo Park CA 94025. = 
Circle 525 on inquiry cerd, 


mailing lists, inventory, accounts re- 
ceivable and accounts payable, inventory 
and invoice, fedger, personnel files, 
retail sales, medical files, etc. Because 
the microcomputer uses terms familiar 
to each specific application, the user 
doesn't have to learn programming 
languages. OS-DMS data base manage- 
ment system allows knowledgeable 
computer operators to fully utilize the 
computer’s resources and to perform 
tasks routinely which usually require 
programming on nondata base systems. 
Each program is priced at $300. For 
further information, write to Ohio 
Scientific Inc, 1333 $ Chillicothe Rd, 
Aurora OH 44202.» 


‘ Circte 525 on inquiry card. 


Table Top Mainframe 


The TT-10 Table Top Mainframe 
consists of an industrial qualJty card 
cage; the MB-10, an S-100 bus mother 
board with bus termination and ground 
plane to reduce noise; a full set of ten 
connectors and guides; a power supply 
which mounts inside the card cage and 
furnishes 15 A at 8 V, 1.5 A at +16 V 
and 1.5 A at~16 V; a clear satin finished 
front and bottom plate with a reset 
switch and power indicator light emit- 
ting diode; and a whisper fan and cover. 

The TT-10-K kit is $325, the TT- 
10-A assembled is $395. Contact Elec- 
tronic Control Technology, 763 Ramsey 
Av, Hillside NJ 07205.5 

Circle 527 on inquiry card. 


xT! Sockets! All low profile solder tail 8 pin — 40 pin. 


1 cent per pin. 


The “Pro” fully encoded ASCII KEYBOARD by Cherry. Auto RE- 
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in ‘The Case’, Below) $119.00, 3/99,00, 10+/89.00 


USED SYLVANIA The Dumb Terminal for Smart Peaple 


ia 

12” MONITORS 80x24 with full 128 char. ASCH UC+LC 

Working: $69.95 fant with all control characters displayed. 

Cold Chassis, 25 ibs. 300-19,200 baud RS232. 2nd font addressable 

With New P39 (GR) from keybourd in you-program-it 2708 for 

or New På (WH) APL, Graphics sets, etc. Plug in monitor 

Tube — $99.00 1/0 connector, 110VAC and you are ready. 
INCLUDES: ‘The Case’, Cherry Kbd. A used 
monitor, ESAT 200A, all options except 
vector addressable cursor and modem. 
Bulletproof design and construction. 
Normally $675.00 What you always 
wanted your ADM3 to be: 


SYSTEM”A” $649.00 10/$599.00 


- ese 
ea ee ee 


= 


CRT Tubes Only 
P39 — $39.00 


“The Case” Beautiful and sturdy 
anodized aluminum case in deep black designed to contsin the 
ESAT 200A, and with a bezel cut out for the Cherry ‘Pro’ keyboard, 
[installed as shown above) Choose deep brown, light yellow, or crim- 
son to accent or color code your installation, The only choice for 
hard-use institutional and educational applications. $69.00 
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* Hard and Soft Sectoring 

* Single and Dual Density 

* Double side configuration 
as a retrofit at any time, 
*]10/220V, 50/60Hz2 

*Pin for pin compatable with 
Shugart 800,801,850,85i 
{50 pin edge connector} 

* PRICE BREAKTHROUGH! 


$425 EACH 
Double Sided Retrofit$300 


LATEST REVISION: ESAT 200B (BILINGUAL) 
Stand Alone Single Board Communicating Terminal 
80X24 Standard Format : 

Split Speed 110 to 19,200 Baud $329.00 

Two Fonts, 128 Char. ea. in 2708 EPROM 

Full Feature Cursor, Page Xmit., Scrolling 

5V@3A, 8X14" Board, Requires only a 

keyboard and almost any monitor for the 

best terminal for the money anywherel 

Supplied with U&LC ASCII in one 


font, you may easily program the 
other one 


"Now items! TRS-80 APPLE Ad on Set-elght and a spare 4116 
Type Rams plus instructions $99.00. *Hene Laser Tubes .05-2.0 
mW - metal $49.00 Gtass $39.00. °CALL for unbelievable prices 
GSlI/siemens 8” floppy drives starting at $399.00. *Our naw 
catalog is now out! Ask for your free copy- 


ipging and Handling: Surface: $0.40/ib, Ait; $0;75/b., 1.00 minimum 
ax: 6,5% Insurance: $0.50 per $100.00 


THE FANTASTIC! 
MEMOREX FIVE-FIFTY 


Circle 115 on inquiry card. 


Calilornta Digital 


Post Office Box 3097 B e Torrance, California 90503 


a i KaG & KIPI 
ppr ee Hazeltine 400 Even if we kave to giva them 
p alielie 5 3 amy, ven gpm to ship more 
ftactive w ieee ht "| '; la than the aggragate 
cost ehiec i The Gust Busa from Calomnia induatnal ts of all our competitors. 
CRT TERMINAL Quwily enginwored Mo short cuts have been taken 
a I , Pk sate ya 3 Spit! ail! arit e e } Medel 43AAA (TTL? 
$ 8803-18 reg Wam antanan capac tan on] EACH 3 10 25 

qe G35 resiot LET Be )*925. 875. 850.825. eas 
The Hazeltine $400 Vidio Display Terminal ts designed to = 
optimize interactive real-time operations. The interface ié . i S 
capable of either loci or remote connection through an al 
AS242-C interface at baud rates that are switch selectable = 
up to 9600 baud. SA8O0O0-R Floppy Disk Drive © BOX of 10 


shipping ida RS-232 Interface"K” aiat7500 ifthe 
sLitels A core Phe most cust effective way to store data pror- 
@ Al) 124 ASCII Codes gagan Hiti essing information, when random recall is a 
bh Vispluyable Characters [eja] so’ | guana prime factar. the SABOO ts fully compatible 
@24 Lines; 12 inch Screen with the IBM 3740 format. Write protect clr- 
#80 Characters per Line pe cuitry, low maintenance & Shugart quality. | 


@ Self Diagnostic Test 
APPLE/ TRS-80 
Immediate Delivery 44950 | Verbatim Mini - Soft sector 


CONNECTORS (Edge nor a eters sania i 
mr -a ei SPECIAL 


= DB25P . RF MODULATOR 
male nie Shia pe yi GOLD - n 4395 The Alany AF Modulator APPLE (| 
DB25S female p 100 PIN| SE UNIVAC otnpayed roc 


UNNE displayed rhroctiy upon your 


$ IMSAI/ALTAIR mans mamno EE AA on 
395 (msal solder.1251.250 94,95 3/810.00 KEYS DA E D nai tom the Appie it ra l K E WI 


Gi VOD LOTET IN 
Qty. te. male hd. | imsal w/w.125caaters $4.95 37813.00 | fre tenget Seery unae 1110 starerm buypoara eveertig Cd Sq felewsion meguencies COLOR e GRAPHICS. SOUND 


10 345 2.45315 | Altair soari slAürow $5.95 3/$15.00 ] tasses Temputee input deeice tov accountants ond Operates trom engle 5 
25 115 2.25 1.05 PECIALS mataman ang : piaca am te tome? J mon suspiy Complete $ 10 2 Mig. Suz. 


100 2.85 1.90 $5 | 2244 Mim ayet. 186" $1.95 395.00 “tela ss AF. connector and 15 Reisil... 
500 2.25160 &5 | 25/50 selder tab 156" $1.09 3/82,00 ined leet ol come cable Schematecs, 31195 
1K 197137 73 | 20/72 wide post WWAISE $1.95 3/8500 | maan Complete wie riocummntitcn And instryctiona oie tidedt PLUS SHIPPING 


$-:100 PROTOTYPE BOARD 


1498 © Certified Digit!) | APPLE RS- 232 3 Extender Board Pirotta 
498” SCOtCH cassettes | Seramo 15535| @ dataphone emean 1988 


d a, ice sat 
[i 1 
Won't dropa BIT! | interfaces mae | model $249. | Mullen:3495 [cisnes 
Diskettes +550 Telótypé or Facilitales design and tren- | Erona enor t DP sonra 
RE | other geri- Factory new Bell System | bleshooting of all S-100 mi- | koanaras 0" 
awit arm ' a ae | at printer modems. Some units show | crosystems. Includes logle | winoowe wrap vod 
inc sector 5 Authorized vormetic damage. Docu- | probe alang with high-low ay 
Mini Soft sec. Dester of ELECTRONIC mentation not included. and pulge LED display. on oenen Ta tae 
Mini 10 sector Scotch Brand SYSTEMS Other models available call] Also available, the Mutlin | ár enn gie pomo | 


Mint 16 sector = for price and quantities. CB-1 controller board $48. | mee rape sppico 


aes This is a one time purchase of 
Mi = VI O R Y Ri CLARE: PENDAR NEW Surplus kaybsards? re- Thumbwheel MINIATURE 
i Genera) Instrument Corp. cently aquired from the Tele- ei, switch SWITCHES 
. K EYB OARD communications Division of the A position 


1-7 5 H 4 Singer Corporation. 
aie ee 11.95 tee a i yh š ASCII ENCODED The keyboard featureg 128 f i ž 
4118 18Kx1 13.95 13.00 1225 4 e a am ASCI choraoterg in a 63 key 3 wea. i. T 
(Appte li & TRSED) iaee =. format, MOS encoder circuitry ù 
4164 864FKx1 + * . ; Sie = N" key rollover, lighted shift à a wise your choice 
7 lock, control, escape and re- > lo SÒ 100 1h 
è As you may be aware, publishers 1 ee pete functions. CAPACITORS | $.98 &68 81.73.66 
require advertisers to submit their n 4 E Sloped pannel and positive feel SPDT Minlatare Toggles 
ad copy 50 to 90 days prior lo “presa” switches, makes this profes- 
date. That much lead time in a volatile market placi p ayem Sional quality keyboard an ex- ELECTROLYTICS TIOICRK  ON-HONE-ON 
such as memory circuits, makes n extremely diffenlt eine eo aani, cellent buy at only $64.95. e 10 50 Ped j ont tat ‘nd 
to project future cost and availability. olwc ial eal mime) Limited Quantities. 80,000/10v. 395 349 295 Racker IBT ilk 
Te obtain (he best pricing on memory we have made E lerh Fen 4500/50v,5199 135 1:9 | Rotary ap-4 pe 
volume commitments to our supplivrs, which in turn pel Tet x] = 63 s64 95 100 $55 Rotary IP- 6- Por. 
affords us Ihe opportunity to sell these circuits at the ae KEY d : 1) at 5S 49 AS | Purh8 MO) 5.3800.4/51 
most competitive prices, Please contact us if you ` EN zeera cocan corria, CC DIPS itch 
if vou have a demand for volume stile of the art mem- fe a s i = Adisc $12 09 .07 > SWIN 
ory products. : x 7 Shabbat | Oldise 06 05 04 10 25 100 38 
STATIC 1-31 32-99 100-5C -999 IK» Gvde,140mA $139 | n a pele ls ST 33 


21L02 440nS. 1.49 1.19 1.05 .95 Trdo,1.4 A. 5,50 
211.02 250nS. 1,69 1.493 1.45 . 9 vdc 200mA. 1.19 
2114 Ukx4 450 6.05 6.50 0.25 10 vAc.300mA, 1.95 
2114 IKx4 300 8.95 8.50 8.00 ta 
4044 AKx1 450 6.95 8.50 8.00 
4044 dkxi 250 9.95 9.50 9.00 
40-45 IKx4 430 4.95 8.50 B. 


z] 


ussas 


© 


TWISTED PAIR ~ 
DISCOUNT à 


4043 Ikx4 250 9.55 9.50 Transistors | i i ; Wire Wrap. Center 


S257 law paw. 7,85 7,50 3 
2N22224 .20 .18 16.15 


aaa yh 2N3055 .69 .65 59.55 Ne IC SOCK ETS È 


Z80A Milz. 24.95  AY5-1013A UART 4.95 (M23055 -79.75.69.65 Output: bP duty grounded wira wap low profite 
OuDA CPU 9.95 Floppy Disc Controllers È 2N3772 159 149139179 kavet. 175mA st 75 S0 on #3 
Boas 22, 80 WD 1771 singly D. 39. 95 3904 .15 .12 .09.07 Gan; eanneni poe! Lda 
8046 Intel 16bits  * WD 1781 Double D 65.00 f 2n Tis ti 0907 ees: pis 
TMS9900 16 bits 49.95 WP1791 D8740 * odes | TRIMMER | py. wire wrapkit 3613S 18 1741% 
ge Wire Wrap Kits 38 37 36 1916 17 
ee POTENTIOMETERS | precut & stripped <n ee 
a . : ao | 14002 100v. .08 06.05 2K 5K 10K 50K KIT Nol *695 
peos A ee PEN een | 1N4005 addy. .10.08.07 5 1003.98 900 Assorted Lengths Wis ps 6360 58 
Sia. Ae eee | 1N4148 signal .07 05,04 tor, KIT No.2 *1995 sr. KYNARMIE PEA 
9899 32K * ° ® umbo red a 10 25 $00 20 So 100 2800 Assorted tongths 198 500 1 
miim a 00 11,000 $ 45 
ED; 45.13.11 65 16: 14° 12: 250" Buik Wire 59, $15. $105, 5 


r. =. a a 
29679-9001 
AM merchandise acid Oy Celitorsia hautis te premium grede 
masier charge ‘Orders ave shipped the name day recety 
eraan z PLEASE INCLUDE $100 SHIPPING Oh OADERS UNDER $ 15.00 
Caltioria residents add €* m jan > Money back guaranted 
Sorry, no COO's e Faergign orders add 10% 


Circle 39 on inquiry card. Credit cards accepted. $20 minimum BYTE January 1979 265 


bial 


Circle 230 on inquiry card. 


ESM 


FORMERLY CYSERCOM/SOLIO STATE MUSIC. 


CB-1 8060 Processor Board. 2K of PROM 256 BYTE 
RAM power on/rest Vector Jump Parallal port with 
status. KH................$125.05 PCBD................$28.05 
MB6-6A Basic SKX8 ram uses 2102 type rams, S-100 
duss. Kil 450 NSEC $123.95. PCBD......$24.95 
MG-7 16KX8, Static RAM uses yP410 Protection, 
ily bulfared KIT $299.95 
MB-BA 2705 EROM Board, 5-100, BKBX or 16KX8 
kit withou! PROMS $75.00 PCBD $28.95 
MB- 4KX8 AAM/PROM Board uses 2112 RAMS or 
825129 PROM kit without RAMS or PROMS $72.00 
10-2 5-100 & bit parallel /1O part, 44 of boards is for 
kludging. Kil $46.00 PCBD. $26.85 
10-4 Two serial zO ports with full handshaking 
20/60 ma current loop: Two parallel I/O ports. 

i 30.00 PCBD $26.95 
¥B-18 64 x 16 video board, upper lower case Greek, 
composite and parallel video wilh sofiware, 5-100. 

$125.00 
Altair Compatibla Mother Board, 11x11: x %”. 
Board only $39.95. With 15 connectors.....$94.95 
Extended Board full size. Board onty „$ 9.49 
With connector 


SP-1 Synthesizer Board S-100 
$135.95 


PRIME SUPPORT 


L2114 (450 NSEC) 
L2114 (250 NSEC) 
2102AL-2 

21L02 (450) ..... 

27080 (Nalional).. 

4116 (Appla Ram) 14.99 


[WMC/;ne.  WAMECO INC. 


FDC-1 FLOPPY CONTROLLER BOARD will drive 
shugart,pertek, remic 5" & 8" drives up to 8 drives, 
on board PROM with power boot up, will operate 
with CPM (not Included). 

DEC. & JAN. ONLY SPECIAL PCBD $23.95 


FPB-1 Front Panel. (Finnally) IMSAI size hex dis- 
plays. Byte or instruction ' single sep. | PC8D D special, 
DEC, & JAN. . $39.95 


MEM.-1 8KX8 fully buffered, 5-100, uses 2108 pype 
rams PCBD 

QM-12 MOTHER BOARD. 13 slot, terminated, -100 
board only . $34.95 
CPU-1 8080A Processor board §-100 with 6 level 
vector interrupt PCBO 

RTC-1 Realtime clock board. Two independent in- 
lerrupts. Software programmable. PC8D . .....$25.95 
EPM-1 1702A 4K Eprom card PCBD ... .. .. $25.95 
EPM-2 2706/2716 16K/32K 

EPROM CAAD PCBD . . $24.95 
QM-9 MOTHER BOARD. Short Version of QM-12. 
9 Slots POBD 0 weet eee $30.95 
MEM-2 16K x 6 Fully Buffered 

2114 Board PCBD . . $25.95 
16K RAM BOARD by HWE futly buttered. bank se- 
lect standard to IEE buss gold fingers, solder mask, 
plaied thru holes, silk screened... PCBO $25.95 
KLUDGE BOARD by HWE for S-100 glass epoxy 
over 2600 plated through holes, 4 regulators wilh 
CAPS all S-100 functions tabeled, gold fingos. 
PCBD . ʻ 


419 Portofino Drive 
San Carios, California 94070 
Please send for IC. Xistor 
and Computer parts ist 


1ST OF THE YEAR SALE 
ON PREPAID ORDERS 


(charge ¢ards not included on this offer) 


BK x B RAN. Fully buffered, assembled with sockets, 
tested of burned in. Part may ba house numbered. 
450 NSEC. Limited quantity. ..$99.99 
yee Er EPROM. Fully bullered| with inet 702A, 

it 87486 


MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 


MEM-2 with MIKOS #7 16K ram 
with L2114 450 NSEC $248.95 
MEM-2 with MIKOS #13 16K ram 

with L2114 250 NSEC . seein LOSS 
MEM-1 with MIKOS #1 “450 NSEC BK 

RAM $123.95 
CPU-1 wilh MIKOS #2 6089A CPU . 

MEM-1 with MIKOS #3 250 NSEC eK 

RAM aa 

QM-12 with MIKOS #4 13 slot ‘mother 

board 


ATC-1 with MIKOS #5 real lime clock 


V8-1B with MIKOS #6 video board lass 
molex connectors . 


EMP-1 wilh MIKOS #10 4K 1702 less 
EPROMS ........... wie 


EPM-2 with MIKOS #11 16-32K 'EPROMS 
less EPROMS 


QOM-9 with MIKOS #12 9 slot mother 
board ...... . 


MIKOS PAATS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS. KITS INCLUOE ALL PARTS LISTED AS REQUIRED 
FOR THE COMPLETE AIT LESS PARTS LISTED ALL SOCKETS 
INCLUDED. 


VISA of MASTEACHAAGE. Send account number. interbank 
number, expiration dale and sign your order. Approx. poslage 
will be added. Check of Money order will be sent pos! paid in 
US If you 4ro nöt a regular customer, plesse ues charge, 
cashier's check of postal money order, Olherwisa there will 
be a two-week delay for checks to clear, Galil. residents add 
6% tax. Money back 30 day guaranies, We cannol accept re- 
turned IC's that have been soldered lo. Prices subject to 
change witheur nolice. $të minimum order, 61.50 sarita charge 
on orders iese than $10.00. 


ATTENTION TRS-80 & APPLE USERS 


A PRINTER FOR YOUR COMPUTER 


TERMS: VISA, MASTERCHARGE, 
Cashier Check or Money Order. 
C.O.D. with 10% down. 

Shipping Via Air or Truck collect. 


3 S SALES 


P.O. BOX 45944 
TULSA, OK 74145 
918/622-1058 
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$99 5 00 

MODEL 38-80 for TRS-80 
Ready to plug into your 
expansion interface. 


MODEL 3S-PP 
for computers with 8 bit serial 
port. 


MODEL 3S-SS 
for computers with RS-232 
port. 


$1095°°0 for 


MODEL 3S-AA 


Includes RS-232 card for Applell 
Specify model number on order. 


Ready to plug into your 
computer 


Very high quality print 


Completely refurbished 
IBM 731 '/O 

Selectric terminal 

in a new table 


Upper & lower case 
removable type ball 


Special 1/0 interface 


Heavy duty re-mfg. IBM 
power supply 


Circle 379 on inquiry card. 


BUY FROM THE BIGGEST 
NCE/CompuMart 


Hams! Add a 
PET to your rig. 


Compulenas 
Macrotretes 
Bnd inciuded sqttware You simply 
glug ihe umi ialo your PET snd 
you re ready 10 Cisplay lcansmnt 
and recae mihe ra or ATTY at 
vales Up lo 100 WP 


ASSEMBLED KITS 
$99.95 


SECOND CASSETTE 
FOR PET-$99.95 


Ths pea at ae commedece 
gwes pou (he it uet one TaD 
Sect lor t mpu and one for ouipul 
copy Mes. eit 


KIM-1 


The ongom tully eapèndimie angie 
pokad cómpautei 


Ansembled 


$179 


with powe: supply 
$209 
EXPAND YOUR KIM SYSTEM 


KIMBiI 
KMA to S-100 Board 


Out stabon with 
Ham Inietace 


Artemied 


Cannectar tet 


mina 
Esperon Board 


MICRO TECH POWER ae es 
Absembied 


KIM ENCLOSU RE 
Gove your KIM a pechensione appear: 
anca Na altesathona required atundy 


Køn 100 Black 
$23.50 


+ 
$ 


$795 


SELECTAIC-BASED 
TERMINAL FOR PET 


$895 
‘Wa Nave intestaced pur TC-71 to ihe 
PET Line with ihe IEEE -488 bus as a 
prinler OF willy Ihe VIA Used Pon tor 
Oigvechonal 'O ideal for Word 
Procesung appicatons 


Sala price toougnt wih PET 879S 


THE PET 
CONNECTION 


LOW-COST PRINTER 
FOR PET 
Tis 13 8 sorely refurtashed 
Tata KSR-32 ferrmunal ready to 


stech io your PET» interlace io 
use as a printer 


INTRODUCTORY 
PRICE $395 


WE WANT TO BUY 
USED MICROCOMPUTERS 


Any Quantity 


Urgently needed: 
e Peripherals 
e Manufacturers surplus 
e Closed stores stock 


CASH 
AVAILABLE 


Call Today: (313) 994-3200 
TC- 71 SELECTRIC TERMINALS 


© Geanuitifyl 12B £ 120 colat grephica 
«4K Geaphice AAM 
. 18K AOM with Dian OASIC 


Magdei 3 8X RAM $1495 
Mogel à 16% AAM $1295 
Madai 5 12M RAM $7395 


© Bumiin 51K mini floppy 
» AS-232 iactece 
» Full site seypboard 


© Prepragesmmed distettes ava?) 


SNE 


$225, 
SANYO 
MONITOR 


VARAZOS F guske Mondor $149 


70 DAY RETURN PRIVILEGE 


New Acaustic Coupler 


Ine Beans Ihe 
® new 300 baud 
upler For only 


bateri hgh 
Atuactivee 


a 90 day limited warranty 
è Newest, mos! exciling products in per- 


sonal computing 
« Outstanding values 


a All items fully assembled and tested 
unless otherwise stated. 


e Send for our catalog for more detailed 


product information. 


Sa 


Circle 283 on inquiry card. 


Jusl tay çhaige 4! tone care? 


eHanng eetmanel 
E AS- PTIC code in- 
Cluges desk 130 char tine 
asca version em, sao 
for code comenion our 
catalog tor detains 


10 day Setvery 


* oc 


PROGRAMMER 


Mexedecoma! octat decimal 


et 
549.95 


1-800 
521 
1534 


Reg. $59.95 


1250 North Main Street, 


P.O. Box 


Networks Bigitechonm R3-21 
tptartace 


Singla Port 
Oum Pont 
Cabinet 


$240.00 
$200 00 
$ 3500 


Networks Modem tor PET 


Attaches to DAA $320 00 
Capinat $ 3300 


Tep valued our e atate sempty acid 
2 Mondor and lapr deras fa com 
pire (he system Can be uset as a 
lermenal Later AOM PACS wil? ufles 
Z-80 Assemüly Language APL 

PHOT Word Pru esyng and a DOS 
PAC fort disk tased FORTRAN anit 
COBOL Whal a syster fis SA9% 


Sorcaree BA 
Suce 16K 
Sercetec IJK 
16% Espansenn 


3693 
$1150 


16 La z 84 che display 128 pnntebie 
characters. sottware UART (ASCH 

ot Beudol) 3 sensi intertaces & 
cassette LÒ. true composite video. 
ue compatible easy power com 
ni on 


Assembiea & tested NOW $187 


ame 


“a 


ASCII INTERFACE FOR TC-71 
SALE Monta 519) NOW 


$169 


$159 


ee a hr 


A Home Computer & A Video Game in a Single alt! 


INTERACT 


è Cow graphics on your TY 

« Music and sound eynthenizer 
s Built-in causette lape drive 

+ Latge S3-hey keyboard 

æ Two joyetichs inctuded 

o $4 Froe caapetion worth $254 
® Edu-BASIC caesotio incinted 
e 0060 Microprocessor 

* 6K RAM, 2K ROM 

if you can't decide between a 
sophisticated video game anda 
home computer then ihe fnier- 
act Model One is tor you, Mook H 
1@ your calor TY end you've gol 
bolht You can play one of the 
Qomes which are included Vee 
or you can load Edu-BASIC and 
weite your own gamea. fou can 
save programs o¢ dele veing 
the buihan comactle (ape drive. 
Best of ef) you get over $294 
warth of Wee cassetion iach: 
ing 


+ Michigan residents add 4% sales tax. 
e Forelgn orders (except Canada) add 
additlonal handling (U.S. currency only), 


10% 


© PO.’s accepted from D&B rated companies. 
¢ Tol! tree phones open fram 9:00 a.m.- 
_ 7:00 p.m. EST Monday 
5 p.m. Saturdays. + Open accounts invited — 


Friday, 10:00 a.m.- 


PET with BK user 
memary 
Second Cassette drive 399.95 


AS-232 Printer Adapier — 
assembled board 


With power tuppiy, cass & 
connector 


Department BY19 
8610 Ann Arbor, Michigan 48107 


Video Gutter — add a 


$795.00 Conventional monler 624.95 


ise Feanomnen Ten 
memory wipenmon tor te PET [ire 
cludes I dabphier boar}  $43300 


$98.50 


$149.00 


Berper — PET controlled 
beep’ ssas 


READER/PUNC 


NEW ASCII INTERFACES 
tor Reader/Punch 


8 LEVEL PAPER 
TAPE/READER 
PUNCH 


SO Osy Gelvery on intertaces 


Boras & Caples 

Parella 

99202 Seral 

n Bosa Cabies Power Supply 

Parata 

USED (50 ay Sensi 
warranty) $176.00 

Documentation 
Package $15.00 


Board Caties Power Suppiy Enicens 
Parane $875 
Sons erta 


Hazeltine 
1400 


now Only 
$749.00 


Now a 5th Generation 
in Terminals: 


Introductory Sale Price — 
Immediate Delivery 


24 x 80 displa 

RS-232C interface 

110 to 9600 Baud 

12" CAT Monitor 

Remote screen control 
Uses 8048 microprocessor 
State-of-the-art design 


A full capability terminal completely 
assembled with a 90 day warranty 
for less than you'd pay for a kit. 


N st ock N 


e FLIAa cheery a 
cede 
+ Sede Catteth Ne 
tare mieriste wih 
Airele Cerar! 
Past Owstee 2008 
+ ee Urine 
© 6502 bated teutem + Santee Japenvon 
= it bee ADM auter i h By Wie 
mads 
- CAI Campane (> 


tertege 
+D 1D tees ae ioe 
Hane Upson 


$269.00 


SYM-1 


From Synertek 


Fo 
s mdt 
ty AO byi 
r Farase ase 


Rockwell 


AIM65 


© Fully ateamblad speit and warlerinet 
eee ee IIN AAM an 


IN mares 
STOCK “| ee ad Ot Pym eee 
wow? $499 


sæ ee PON D HDM 
ae Sane © 

Edu- BASIC — Wile programs 

Concentration — The mamory game 

Dogtight — Aerial vattian 

Add-Em Up — à math geme 

Blorhyihm — Pici your pwr 

Blackjack -- Wager video bycie 

Compale-A-Color — Esty graphics 

Hangman — The word game 

Knocktown — A dice game 

Mate — Compuler mete 

Repalia — Race your ship 

Showdown — Gualight 

Trailblazer — Cul off yout opponent 

Blank — Save programs hare 


Model One 


O° sey) Alpeanumerc 


amora amie 
, CERTE 


DY gyr MMSI 
ve Kiet tam 


$475 


© 1001 heth mariar 


Opraey — 44 HOM Astemosar Terl 
Edeigr 

* GM Bags ADM 
call for credit application.e Mostitems in stock 
for immediate shipment — call for delivery quo- 
tation.» Sorry —NOC.O.D.'s.¢ All prices sub- 
ject to change without notice. » Write for our 
FAEE catalog. « In the Ann Arbor area? Retail 
store open 11:00 a.m.-7:00 p.m. Tuesday- 
Friday, 10:00 a.m.-5:00 p.m. Saturdays. 
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SYSTEMS 


Computer System from Dynabyte Offers New Disk Drive Controller Technology 


The DB8/2 computer system from 
Dynabyte Inc, 1005 Elwell Ct, Palo 
Alto CA 94303, offers up to 1.2 M 
bytes of mass storage on two 5 inch 
drives. It uses 77 track Micropolis disk 
drives and with Dynabyte’s controller 
offers double or quad density in single 
or double sided configurations. To 
implement the drives, a dual density 
floppy disk controller was developed, 
it is capable of handling a variety of 
5 inch and 8 inch drives in dual density 
on either one or two sides. To permit 


expansion of the system as the need 
increases, the controller is capable of 
handiing up to 16 drives. The dynamic 
data compensation yields a double 
density error rate comparable to single 
density rates, 

The DB&/2 Includes a 4 MHz Z-80 
processor module that also contains 
two R$232 serial Input and output (10) 
ports, one parallel 1O port, an erasable 
read only memory programmer, two 
TMS2716 sockets, vectored interrupts 
and a real time clock. The unit has 
32 K bytes of programmable memory 
and the disk controljer in a 12 slot 
backplane fully populated with military 
specification connectors. It uses a regu- 
lated power supply designed to comply 
with UL approved standards, Initial 
language and software packages from 
Dynabyte include BASIC, FORTRAN, 
COBOL, word processing, general ledger 
and accounts receivable, m 

Circle 590 on inquiry card. 
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Dual Floppy, Z-80 Based Microcomputer from Vector Graphic 


This new microcomputer, featuring 
two Micropolis quad density floppy 
disks and a Z-80 processor, has been 
introduced by Vector Graphic Inc, 790 
Hampshire Rd, Westlake Village CA 
91361. The Vector MZ features include 
the Z-80 processor with 158 BASIC 
machine language instructions and a 
minimum instruction cycle of 2 ys; an 
18 slot motherboard which provides 
flexibility and expansion capabilities 
for up to 64 K byte of directly acces- 
sible memory using a parallel 8 bit 
word and 16 bit address; and up to 
256 separate input and output devices 
can be addressed, 

The disk drives are mounted directly 
to the front panel of the Vector MZ, 
providing instant access and ease of 
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operation, Storage capacity for each of 
these 5% inch floppy disk drives is 
315 K bytes formatted. 

The Vector MZ is fully compatible 
with all existing Vector input and 
output (IO) and memory boards, Com- 
pletely assembled and tested, the basic 
system includes: 18 slot motherboard, 
Z-80 processor with 4 MHz clock, 
two quad density Micropolis floppy 
disk drives, disk controller board, bit 
streamer lÒ board with one serial and 
two paraliel ports, 32 K byte of static 
Programmable memory, 12 K byte 
combination read only and program- 
mable memory board with extended 
monitor, and Vector BASIC. The Vector 
MZ is priced at $3750,» 

Crrele 591 an inquiry card. 


NMS Extends Its Pascal Machine 
Capabilities 


A new peripherals option card for 
the NMS 8085A processor based micro- 
computer system is now available from 
Northwest Microcomputer Systems, 
121 E Eleventh St, Eugene OR 97401, 
This new card, called the NMS 85/EX, 
gives users flexibility by allowing a 
number of options. 

An arithmetic processing unit (APU) 
provides 32 bit fixed and floating 
point arithmetic, and floating point 
trigonometric operations, and gives the 
user the ability to do a 32 bit floating 
point divide in a minimum of 50 ms, 
It contains floating-to-fixed and fixed- 
to-floating conversions, All accesses to 
this unit are through conventional 
programmed input and output ports. 
The 3 MHz version is priced at $422 and 
the 2 MHz version is $272. 

An interrupt controller featuring the 
Intel 8259 resolves priority among eight 
different Interrupt levels according to 
software algorithms provided by the 
user, An interrupt selection area allows 
the user to configure a custom Interrupt 
structure. The priority modes can be 
reconfigured dynamically at any time 
during the main program operation, 
allowing the user to define a complete 
interrupt structure based on the total 
system environment. The controller is 
priced at $90. 

Interval timer capability is provided 
through the use of Intel's 8253 program- 
mable interval timer, Each timer includes 
three 16 bit binary coded decimal or 
binary counters which are user program- 
mable. The output of the first two 
counters can be used as interrupt request 
lines, to implement a real time clock. 
The output of the third timer may be 
used for the serial port, allowing soft- 
ware control of the desired data trans- 
mission rate. A second timer chip’s three 
clocks may be used for extended (48 bit} 
timing functions through daisy chains or 
may be taken to the card’s edge for 
Interval timing or event counting. Each 
timer is available for $50. 

The parallel input and output inter- 
face using the Intel 8255A program- 
mable peripheral interface device pro- 
vides 24 signal lines for transfer and 
control of data to or from the peripheral 
devices. The parallel interface is available 
for $90. 

A serial input and output interface, 
using Intels 8251 USART device, 
provides for complete RS-232 serial data 
communications, including IBM Bi-Sync, 
when coupled with the 8255A parallel 
interface option and the 8253 interval 
timer. The unit will operate with every 
current serial data transmission protocol. 
The transmission rate, synchronous or 
asynchronous mode, character length, 
number of stop bits and choice of parity 
are all program selectable. The serial 
interface is priced at $70 plus the 
parallel and timer options required,= 

Circle 592 on inquiry card. 
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HUGUOUUGUNUNGUNGUUSGUNOGRNOEOAEOQOUGANEIGONG9O0080I00II0009001 
Diseounts on 


Xitan, Cromemco, SD Systems, 
Vector, TEI, North Star, Apple, 
Hytype Il, Qume, Axiom, TI, 
Centronics, Integral Data Systems, 
Soroc, Lear Siegler, Intertec, 
Micromation, PerSci, Micropolis, 
SSM, Computalker, Heuristics, 
Mountain Hardware, Summagraphics, 
MiniTerm, CompuCotor, Exidy. 


MIGA MART 


Microcomputers, Peripherals 
and Software 


1036 NAVARAG SAN ANTONIO, TEXAS 78205 
512/222-3427 


Circle 221: on inquiry card. 


RECYCLE(D) 
COMPUTERS 


BUY + SELL 4+ SWAP 


Hardware & Software 


NEW PRODUCT ANNOUNCEMENTS 
22 paces 


Mailed 1St Class every 3 Weeks 
lyr. (18 issues) 3 $3.75 


ON_LINE -@& 


One Dertie. Padah s + Eala 1073 
24596 Sante Cruz Hwy.» Los Gatos, CA 95030 


Aeg hl mar IO Ipha t Cre Le CAN W CE waal IÙ YOY n TO WY a,- 


$333 SAWPLS J993 


Circle 289 on inquiry card. 


TRS-80 


MEMORY EXPANSION 


Farkit $79 


Includes easy to follow 
instructions 
Jumpers and 8-16K Rams 
2 Sets (32K) $165 
3 Sets (48K) $249 
6 Months Guarantee 
—Visa — Master Charge — 
Calif. Add 6% Sales Tax 


MicroComputerWorld 
Box 242 
San Dimas, CA 91773 


Circle 217 on inquiry card. 


NOBODY LIKES A 


ROTTEN APPLE! 
So protect your APPLE II trom 
dust, coffee spills, and idle 
fingers with a custom fitted, heavy 
duty, beige vinyl Dust Cover. 


ONLY $6°°° 


(lll. residents add 5% tax) 


Send Check or Money Order to: 
Henwood Enterprises, Inc. 
1833 E. Crabtree Or 
Arlington Heights, Ill. 60004 


OR CALL TOLL FREE 
800-323-7360 
and use your MasterCharge or 
VISA Credit Card 


Circla 168 on inquiry card., 


At last. . .the mechanical interface! 


TURN YOUR ELECTRIC TYPEWRITER 
INTO A LOW COST, HIGH QUALITY 
HARD COPY PRINTER. 


The all new 1/0 Pak from Rochester 
Data, Inc. interfaces the keyboard of 
any commercially available electric 
typewriter with any computer. The 
result: low cost, high quality hard copy. 


Write today for more information. 
Distributor inquiries invited. 


USER LIST $395.00 
Quantity and distributor 
discounts available. 


ROCHESTER DATA, INC. 
3100 MONROE AVENUE 
ROCHESTER, NY 14618 


Circte 310 on inquiry card. 


Year-End Clearance! 


DATA ENI TERMINAL $69 5 


We Buy-Sell-Trade all brands & 
models of Data Processing 
Equipment. 


ls T a 
USB-330 10/30 CPS impact 
pigs a Feed 132 Print Positions 


10-Key P 
Nearly a vis dollars in inventory 


Call for price quotes 


214/357-5725 


U.S. BROKERS INC. 
UE 2630 Wiii fi Uhe 
Dalias, Woas 75229 


Circte 381 on inquiry card. 
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ECONOMICAL 
X - Y PLOTTER UNIT 
Now Available 


® includes Power Supply/Interface 
* Completely Assembled 
($1,049 — $1,249} 
è Low Cost but Reliable 
* Drawing Areas: 
11x17" of 17 x 22” 
e Resolution .01 
® improved Interface 


TREMENDOUS SAVINGS when purchased in 
KIT FORM! 


REQUEST YOUR FREE BROCHURE 
OR 
OWNER’S MANUAL $5 


[OUTSIDE US/CANAOA AOD 1 00 POSTAGE] 


Sylvanhilla Caboratury, Ene. 
P.O. Box 646 Pittsburg, Ks 66762 
316-231-4440 


Circle 367 on inquiry card. 


6800 OWNERS 

At last a real world fully eddreaseble 55-50 
control interface. Control robots, appliances. 
orgens, soler devices, etc. Appkcatens limited 
only by your imagmation Easy to use wth ma- 
chine language as well as basic Fully buffered 
beard plugs directly onta mother board and re- 
sponds to any address defmed by user. A fast 
relgys tatch data while 9 opto-solstors allow 
handshaking capacity. Hit $92.00 

Aucembled and tested 6125.00 


EXTENDER BOARDS 
Extend both the 30 snd 50 pinh buses in SWTF 
6800. Both tor $19.95. 

Vang & Mosler Charge - Ari. Rea sad S Sit Tar 
WRITE FOR DETAILS 


TRANSITION ENTERPRISES INC. 


Star Route, Bon 247, Buckeye, AZ 65326 


Circle 362 on inquiry card. 


TEXT WRITER H 


WORD PROCESSING ATA 
REASONABLE PRICE 


s PRINT FILES CREATED BY YOUR EDITING 
PROGRAM 

$ GENERATE FORM I FETTERS FROM A 
MAILING LIST 

* PERSONALIZE LETTERS WITH 
AUTOMATIC NAME INSERTION 

© BUILD CONTRACTS, SPECIFICATIONS. OR 

OTHER DOCUMENTS FROM A 


PARAGRAPH LIBRARY 
e LEFT AND RIGHT JUSTIFICATION, TABS, 
CENTERING, PARAGRAPH Fit LING, ETC, 
* AUTOMATIC PAGE AND CHAPTER 
NUMBERING 
® WORKS WITH ANY TERMINAL ANG 
PRINTER 
VERSIONS AVAILABLE FOR: 
VECTOR MZ with LINEEDIT 
MICROPOLIS 3.0 or 4.0 with LINEEDIT 
CP/M 1.4 wilh ED 
NORTH STAR with ALS8 
565.00 For Diskette and Manual - 
$10.00 For Manual Alone 
(Calif. residents add 6% sales tax) 


ORGANIC SOFTWARE 


1492 Wendeot Way e Levermete, CA 94540 
(464) 488.4014 


Circle 284 on inquiry card. 
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ganr [ELECTRONICS] 


Roguiejen Power Supply 


« Uses LM 309K 
a + Heat sink provided 
+ P.C. board construction 
+ Provides a solid 1 amp @ 
5V 


+ includes components, 
* hardware and instructions 
= Sizes: 9-1/2" x 5" x 2" high 


JE200 $14.95 


Function Generator Kit 


` a Provides 3 basic wave- 
rage : forms: sine, triangle & 
EE ae 


square wave 
pA + Frequency ranga from 1 Hz 
Sa to 100K Hz 
i « Output amplitude from 
Q-vyolis to over 6 volts 


{peak to peak} 
» Uses a 12V supply ora + 
ae “| 6V spit supply 
» Includes chip, P.C. board, 
components and instruc- 


tlons. 


JE2206B $19.95 
Digital Stopwatch Kit 


wo ™ Usa Intersil 7205 Chip 


e Plated thru double-sided 
P.C. Board 

+ LED display (red) 

« Times to 59 min. 59.59 sec. with 
auto reset 

e Quartz crystal controlled 

« Three stopwatches in one: 
single evant, split (cummulative} 
and taylor (saquantiat timing) 

e Uses 3 peniite batteries 

e Size: 4.5" x 2.15" x .80° 


JE900 $39.95 
4-Digit Clock Kit 


+ Bright .357” ht. red display 

+ Saquential flashing colon 

+ 12 of 24 hour operalion 

+ Extruded aluminum case (black) 

= Pressure switches for hours, minules and hold modes 
+ Includas all components, case and wall transformer 
e Size: 3-1/4" x 1-3/4° x 1-1/4" 


JE730 


e Bright .300 ht. common cathode display 

e Uses MM5314 clock chip 

+ Switches fer hours, minutes and hold functions 

« Hours easily viewable to 20 feet 

+ Simulated walnul case 

+ 115 VAC operation 

a 12 or 24 hour operation 

e Includes all components, case and wall transformer 
we Size: 6-3/4" x 3-1/8" x 1-3/4" 


JE701 $19.95 


e Four .630" hl. and two .300" ht. common anode displays 
e Uses MM5314 clock chip | 
» Switches for hours, minutes and hald functions 

+ Hours easily viewable to 30 feet 

e Simulated walnut case 

æ £16 VAC operation 

+ 12 of 24 hour operation 

a Includes all components, case and wall transformer 

» Size: 6-3/4" x 3-1/8" x 1-3/4" 


JE747 $29.95 | 
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TRS-80 16K Conversion Kit 


Expand your 4K TRS-80 System to 16K. Kit 
comes complete with: 

* 8 each UPD416 (16K Dynamic Rams) 

* Documentation far conversion 


TRS-16K $115.00 


Special Offer - Order both your TRS-16K and the 
Sup‘R’ MOD II Interface kit together (retail value 
$144.95) for only $139.95 


COMPUTER CASSETTES 


a G EACH 15 MINUTE HIGH 
QUALITY C-15 CASSETTES 
a PLASTIC CASE INCLU 
748287 ~ aee 12 CASSETTE CAPACITY 


NEW!! IN STOCK... ahaa Oa 

POWERACE |()sS2'q:s50' CAS-6 ` 
ALL-CIRCUIT em rav $14.95 

EVALUATORS WITH POWER hn Lge. (Case and 6 Cassettes} 


e teer plug-m le ponts will hold up to th SUP 'R MOD il 


o Breadboard laments accept ati DIP sires ..inetuding 
RTL, OTL. TTL and CMOS devices 10-S’s and dis- UHF Channel 33 TV Interface Unit Kli 


creles wiih leads up to 032 du. 
© Ail connections to'lrom switches, indicators, power Weis Band B/W or Color System 
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Apple Il, works with Cromeco Daz- 


@ ink t with solid 20 to 30 AWG wire. 
POWERACE 101 -General pumposa model fOr Rane mm ae, S0L-20, 1RS-80, Challenger, 


prototyping all types of circuit. © Breadbourd elements are mounted an ground plans- 
$ teal for High-Irequency and high-speed/ow nae 
#923101 $ 84.95 circuits. 


POWERACE 102 - Completo digi prototypingiab e Storer alts power supe * won Il. ia pretuned’ 10 'Chanael 35 
ul Ic æ Operate on 11010 1 åt 60 H; 

#923102 $114.95 ° Soseda: pad styling and Wh rine compo- 2 ` * et coaxial cable and antenna 
POWEAACE 103 -Triple-output power supply nents permit convenient, organized and quick prototyp- translormer. 


tot ew bolh linear and digit circuits. a A nets ate 7.5° wide 11.5 deep and 40" high M OD il $29. 95 Kit 


$124.95 (rear) 0.75" high (front) and weigh approx. 2.5 Ibs 
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Video Sample and Hold Amplifier Features Fast Acquisition Time 


The 4858 video sample and hold 
amplifier features an acquisition time of 


130 ns to 0.01% and permits conversion 
rates of up to 5 MHz for 12 bit analog 
to digital conversion. The unit acquires 
signals to 8 bit, or 0.2%, accuracies in 
75 ns, 

The 4858 is user programmable for 
either transistor-transistor logic or 
emitter coupled jogic compatability. 
Applications include fast Fourier trans- 
forms, radar pulse analysis, and deglitch- 
ing. 

The unit is housed in a4 by 2 by 0.6 
inch (10.16 by 5.08 by 1.52 cm} metal 
case, providing electrostatic shielding. 
The 4858 is priced at $440 jn unit 
quantities. For further information con- 
tact Teledyne Philbrick, Allied Dr at 
Rt 128, Dedham MA 02026.5 

Circle 526 on inquiry card, 


IBM Compatible Double Density Disk Formatter and Controller 


An IBM compatible double density 
floppy disk formatter and controller 
integrated circuit, called the FD 1791, is 
now available from Western Digital Corp, 
3128 Red Hill Av, Newport Beach CA 
92663. It is designed to meet the re- 
quirements of the most widely used 
density mode (FM) and System 34 
double density mode (MFM) applica- 
tions. 

The FD 1791 interfaces a processor 
to a floppy disk drive. The device pro- 
vides the data accessing controls and the 
bidirectional transfer af information be- 
tween the processor memory and the 
magnetically stored data on the disk. 
The disk data is stored in a data entry 
format compatible with either single 
or double density modes, 
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The FD 1791 is able to read, write 
and format a double density disk by 
means of its address mark detection, FM 
and MFM encode and decode logic, 
window extension, and write precom- 
pensation. Another feature allows oper- 
ation in two modes: one for floppy 
disk and another for minifloppy. The 
first uses a clock input of 2 MHz and 
provides stepping rates of 3, 6, 10 and 
20 ms. The clock input for the second is 
set at 1 MHz and the stepping rates 
change to 6, 12, 20 and 40 ms. The 
clock inputs are sot altered when 
changing between single and double 
density. 

The FD 1791 is priced at $43.20 
for quantities of 100,a 

Circla 529 on inquiry card. 


High Speed 4 Bit Slice 2900 Bipolar 
Microprocessors 


Using a new advanced bipolar LSI 
process, National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara 
CA 95051, has developed a family of 
higher speed 2900 type 4 bit slice 
microprocessor components. According 
to the company, they are 30 to 50 per- 
cent faster than similar designs now on 
the market. Designated the 1DM2900 
family, the new devices, 16 in all, use 
a process that combines low power 
Schottky peripheral electronics with 
proprietary high speed Tri-State emitter 
coupled logic electronics for interface. 
National calls this new process "SCL." 
For complete information on the 
1DM2900 family contact the company.s 


Circle 530 on inquiry card. 


Two New Schottky 
Programmable Read Only Memories 


Two new 4096 bit Schottky program- 
mable read only memories, the 745476 
and the 745477, have been added to 
Texas Instruments’ bipolar memory 
product line. Typical access time is 35 ns. 
These programmable read only memories 
are offered in plastic (N suffix) and 
ceramic (J suffix) dual-in-line packages. 

The devices can serve as direct re- 
placements for any currently offered 18 
pin 4 K byte memories. The prices in 
lots of 100 range from $9.30 to $18.60, 
depending on the package. 

Inquiries should be forwarded to 
Texas Instruments Inc, Inquiry Answer- 
ing Service, POB 5012, Dallas TX 75222. 
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BECKIAN ENTERPRISES Xe 4! Prime Quality = New Parts Only 
T Satisfaction Guaranteed 
EDGE CARD CONNECTORS: GOLD PLATED, SUBMINIATURE CONNECTORS: (DB 25 SERIES, AS 232.) 
BODY: Non brittle, solvent resistant, high temp, G.E. Valox. The finest you can buy. OB 25P Male Plug 2.50 aa. 5 pcs. $2.20 ea. 
CONTACTS: Bifurcated Phos./Bronze; Gold /Nickel. DB 255 Female Socket 3.60 es. 5 pes. 3.40 ea. 
0 n OB 51212-1 Grey Hood 1.20 ea. 5 pes- 1.10 ea. 
ALTAIR 5-100: Cont./Ctrs,.125 Row Spacing, .140 DB 51226-1A Black Hood 1,30 ea. 5 pes. 1.20 ea. 
50/100 Dip Sold. $3.95 ea. 5 pes. $3.75 ea. D 20418-2 Hardware Set 0.75 ea. 5 pes. 0.70 ea. 
50/160 Sold. Eve. 6.95 ea. 5 pes. 6.50 ea. SAVE: BUY A SET: (1 DB25P, 1 DB25S, Any Hood.) 
u n» 1 Set: $6.35 ea. 5 sets: $6.15 ea 
IMSAI 5-100; Cont./Cirs. .125 Row Spacing, .250 NOTE: For Hardware, (020418-2) Add $.65/Set. 
50/100 Dip Said. $4.20 ea. S pes. $3.95 ea. 
50/100 WiWrap 3 3.75 ea. 5 pes. 3.50 ea. WHISPER FANS 
IMSAI CARD GUIDES: 9.19 ea. 5 pcs. 0.16 ea. Excellent for computer cabinet cooling, This is the most quiet fan you will find. Only 
a a measures 43/4 square by 1% deep. U. L. Listed. 
CROMEMCO §-100: Cont./Ctrs. .125 Row Spacing, .250 $21.00 ea. 5 pes. $19.00 ea. 
50/100 Dip Soild. $6.50 ea. $ pes. $6.00 ea. 
{Or short WANrap} LC. SOCKETS. GOLD. L C. SOCKETS. 
OTHER CONNECTORS AVAILABLE E T TA Dip $ Bolder Tin. 
100” Contact Cus,, 140" Row Spacing. pin 0.38 ea. 16pin 0.17 ea. 
22/44 Dip Sold. 2,30 ea. 5 pes. $2.10 ea. 
25/50 Sold. Eye. 2.95 ea. 5 pes, 2.75 ea. 2708 EPROMS PRIME 8080 PRIME 
40/80 Sold. Eye. 4,80 ea. 5 pcs. ~ 4.50 ea. "$id Odea $9.00 ea. 
43/86 Dip Sold. 4.50 ea. 5 pes. 4.70 ea. 
43/86 Sold. Eye. 4.90 ea. 5 pes. 4.70 ea. 
fe. Contact Cus., .140" Row Spacing. 
&/— Sgte. Row (PETIT $1.00 ea. 5 pes. $0.90 ea. 
22/44 Sold. Eye. [KIMI 1.90 ea. 5 pes, 1 BO ea. WELCOME” LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE 
22/44 Dip Sold. (KIM) 1.90 ea. 5 pcs. 1.80 ea. ` . 
43/86 Dip Sold. 4.90 ea. 5 pcs. 4.70 ea. A We ARE CONNECTOR (EDGE CARD} SPECIALISTS. IF YOU DO NOT SEE 
“ " . WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL 
-156 Contact Ctrs.. 200 Row Spacing. REPLY 
lJ 15/30 WiWrap 3 Sros ea. 5 pes. $0.95 ea. ` 
22/44 WiWrap 3 2.30 ea. 5pcs. 2.10 ea. TERMS: Minimum Order $10.00: Add $1.25 for handlin japi 
: 00: . g and shipping. All orders 
36/72 Sold. Eye, Hes ea. i pes. 733 ea FẸ over $25.00 in USA and Canada: WE PAY THE SHIPPING. 
36/72 wrap 3 286 ea. z pes- 5.00 ea. NOTE: CA residents please add 6% sales tax. 
(85 WiWrap 3 ‘50 ea. pes. ea. NO C.0.0. SHIPMENTS OR ORDERS ACCEPTED. 
POLARIZING KEYS FOR ALL OF THE ABOVE: 


Fe eS sees sobs “as oree Beckian Enterprises 
A | P.O. Box 3089 
12/274 Pin 156" Cant/Ctes..200 Row Spacing, a . 
I IDEAL FOR PET INTERFACE & PARALLEL USER PORT. Simi Valley, CA 93063 


$1.25e9. 5pcs, $1.10 ea. 


ATWOOD ENTERPRISES 
KITS 


L=- 


$ 79.95 4K RAM Available assembled and tested $89.95. 


BIG SALE 


1 each board: 


Digital 1/0 
Eprom programming 


8K Eprom Board {without 2716's) 


“| REGULAR PRICE 
$139.85 


$ 49.95 PROM PROGRAMMING <n JANUARY ONLY 
ss $100.00 


8 slot with connectors | 


and card guides. Extra zero insertion force sockets $5.00 


MOTHER BOARD FREE MAKE CHECK OR MONEY ORDER PAYABLE TO: 
WITH PURCHASE OF Kathryn Atwood Enterprises 


4 RAM BOARD KITS P.O. Box 5203, Orange, CA 92667 


Discounts availabie at OEM quantities. For orders less than $25 total, add $1.25 
for shipping. Catifornia residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks allow 7 days for check to clear. 
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hats New? 


Wire Wrapping Kit for Prototype and Hobby Applications 


Model WK-5B is a new wire wrapping 
kit that contains a complete range of 
tools and parts for prototype and hobby 
applications. The kit includes: Model 
BW-630 battery wire wrapping tool com- 
plete with bit and sleeve; Model WSU-30, 
a hand wire wrapping, unwrapping and 
stripping tool; a universal printed circuit 
board; an edge connector with wire 
wrapping terminals; a set of printed cir- 
cult card guides and brackets; a mini- 
shear with safety clip; 14, 16, 24 and 40 
pin dual-in-line package (DIP) sockets; 
an assortment of wire wrapping termi- 
nals; a DIP inserter and extractor; and a 
3 color wire dispenser complete with 50 
feet each of red, white and blue Kynar 
insulated silver plated solid AWG 30 cop- 
per wire. 

The Model WK-5B wire wrapping kit 
comes jn a durable plastic case and Is 
priced at $74.95. For further infor- 
mation contact OK Machine and Tool 
Corp, 3455 Conner St, Bronx NY 
10475.0 

Circte 648 on inquiry card. 


This K1135A dual data rate gener- 


ator is a self-contained quartz crystal in 
hybrid form. The chip and crystal are 


packaged in an 18 pin dual-in-line pack- 
age 0.2 inches high. 

The K1135A_ simultaneously gen- 
erates a transmit and receive frequency 
at 16 times the transmission rate. 16 
standard transmission rates can be 
generated by manual control or by a 
4 bit address programmed in software. 

Other features include a miniature 
size, 1.015 by 0.515 by 0.200 inches 
(2.578 by 1.308 by .508 cm), +.01% 
stability, and a separate clock frequency 
output (5.0688 MHz). For further 
information, contact Motorola Com- 
ponent Products, 2553 N Edington, 
Franklin Park IL 60131.. 

Circle 649 on inquiry card. 
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The Slimline TI-50 Fits in Your Pocket 


The Slimline TI-SO is a scientific 
pocket calculator with statistics, from 
Texas Instruments. The TI-50 offers 
60 algebra calculator functions, includ- 
ing togarithms, trigonometry and statis- 
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tics. It also includes two full arithmetic 
memories with a new constant memory 
feature which allows the calculator to 
retain data entered in the memories 
whether the unit is on or off. The con- 
stant memory enables retention of con- 
tinuously used constants, values and 
statistics, reducing the time needed to 
perform repetitive entries and operations. 
The unit also features TI's algebraic 
operating system (AOS), which includes 
15 levels of parentheses and up to four 
pending operations. The automatic pow- 
er down (APD) automatically shuts the 
calculator off after 15 minutes of 
nonuse, 

Other features include a large liquid 
crystal display (LCD) 8 digit readout, 
and scientific notation (5 digit mantissa, 
2 digit exponent display format) with 
mantissa expansion capability. A special 
battery indicator provides a convenient 
check on battery condition. 

The TI-50 is priced at $35, For fur- 
ther information contact Texas Instru- 
ments Inc, Consumer Relations, POB 53 
(Attn: T1-50), Lubbock TX 79408.a 
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New Metric Heat Shrinkable Tubing 


The $1T221-M series of shrinkable 
all-purpose, irradiated polyolefin ex- 
truded tubing is suited for most elec- 
trical and electronic metric applications. 
The tubing is thermally stable and pro- 
vides a tight mechanical bond. 

Tubing sizes range from 1.191 mm 
(0.047 Inches) through 25.4 mm (1 
inch) and are available in standard 
lengths of 1.219 meters (47.99 inches) 
in various standard packages of 6.096 
meters (20 feet) and 30.48 meters 
{100 feet). . 

The metric tubing features a shrink 
ratio of 2:1 with only 5 percent longi- 
tudinal shrinkage. 

Stock colors are black, whlte, red, 
yellow, blue and clear. Detailed informa- 
tion and complete specifications are 
available from the Cole-Flex Corp, 
91 Cabot St, W Babyion NY 11704.m 
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Diskette Filing System 


The Super Diskette Filing System is 
an easel type vinyl covered binder with 
20 specially designed 8% by 11 inch vi- 
nyl 3 ring binder inserts. Each insert 
holds two disks and provides space for 
noting contents in an abbreviated form 
beside the disk and a targer pouch over 
the bottom of the disk for more exten- 
sive notes. 

Diskettes need only be labeled with 
a small numbered iabel to associate them 
with their pouch. A separate pouch is 
provided for self-stick labels and write 
protect tabs. 

Included with the package is a punch, 
template and complete instructions for 
modifying single side disks so that both 
surfaces can be used. 

The retail price for this system js 
$69.95, Contact Aaron Associates, POB 
1720A, Garden Grove CA 92640.8 
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COMPUTER INTERFACES & PERIPHERALS 


For free catalog including parts lists and schematics, send a self-addressed stamped envelope. 


APPLE II SERIAL 1/0 
INTERFACE * 


Part no. 2 

Baud rate is continuously adjustable 

irom 0 io 30,000 e Plugs into any periph- 

eral connector + Low current drain. RS- 

232 input and output © On board switch 

selectable 5 to 8 data bits, 1 or 2 stop 

bits, and parity or no parity either odd or 

even @ Jumper selectable address @ | 

SOFTWARE @ Input and Output routine 

fram monitor or BASIC to teletype or other seria! printer. 
@ Program for using an Apple Il for a video or an intelli- 
gem terminat. Also can output in correspondence code 
lo interface with some selectrics. Board only — $15.00; 
with paris — $42.00; assembled and tested — $62.00. 


Part no. 109 

e Type 103 © Full or half 

duplex ¢ Works up to 300 

baud ¢ Originate or Ans- 

wer @ No coils, only low 

cost components e TTL 

inpul and output-serial è 

Connect 8 ohm speaker 

and crystal mic. directly to board e Uses XR FSK 
demodulator ¢ Requires +5 volts © Board $7.60; 
with parts $27.50 


Pari no. 6085 

e Board supplies a regulated +5 volts 
at 3 amps., +12, -12, and -5 volts at 
1 amp. © Power required is8 volts AC 
at3 amps., and 24 volts AC C.T. at1.5 
amps. + Board only $12.50; with 
parts excluding transformers $42.50 


TAPE INTERFACE * 


Part no. 111 

© Play and record Kansas 

City Standard tapes e 

Converts a tow cost tape 

recorder to a digital re- 

cordar ® Works up to 1200 

baud © Digital in and out 

are TTL-serial ¢ Output of 

board connects to mic. in 

of recorder e Earphone of 

recorder connects to input on board ® No coils © 
Requires +5 volts, low power drain + Board $7.60; 
with parts $27.50 


ELECTRONIC SYSTEMS 


To Order: 


TV. TYPEWRITER 


Part no. 106 

è Stand alone TYT 

© 32 char/ling, 16 

lines, modifications 

for 64 char/jine in- 

cluded © Parallel 

ASCII {TTL} input 

Video output ® 1K 

on board memary è 

Output for compu- 

ter controlled cur- 

ser è Auto scroll è 

Non-destructive curser è Curser inpuls: up, down, left, 
tight, home, EOL, EOS © Scroll up, down © Requires +5 
volts at 1.5 amps, and -12 volts at 30 mA © All 7400, TTL 
chips @ Char. gen. 2513 e Upper case only e Board only 
$39.00; with parts $145.00 


Part no. 112 

e Tape interface Direct Memory Access è Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con- 
nections to low cost recorder at 1200 baud rate, 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate. è S-100 bus com- 
patible + Board only $35.00; with parts $110.00 


UART & BAUD RATE 
GENERATOR”, 


Pari no. 101 

ə Converts serial to parallel 

and parallel io seria) © Low 

cost on board baud rate 

generator $% Baud rates: 110, 

150, 300, 600, 1260, and 

2400 è Low power drain+5 = 

volts and -12 volts required 5 

ə TTL compalible è All characters contain a start bit, 5 to 
8 data bits, t or 2 stop biis, and either odd or even parity. 
® All connections go 10 a 44 pin gold plated edge connec- 
tor e Board only $12.00; wilh parts $35.00 with connector 
add $3.00 


Dept. B, 


| 8K STATIC. 


RAM 


Part no. 300 

© BK Altair bus memory © = 

Uses 2102 Static memory chips e Mem- 

ory protect ® Gold contacts è Wait states ¢ On 
board regulator e S-100 bus compatible © Vector 
input option © TRI state buffered ¢ Board only 
$22.50; with parts $160.00 


RF MODULATOR * 


Part no. 107 

e Converts video to AM modu- 

lated RF, Channels 2 or 3. So 

powerful almost no tuning is re- 

quired. On board regulated 

power supply makes this ex- 

tremely stable. Rated very 

highly in Doctor Dobbs’ Journal. Recommended 
by Apple. © Power required is 12 volts AC C.T., or 
+5 volts DC e Board $7.60; with parts $13.50 


RS 232/TTY * 
INTERFACE 


Part no. 600 

e Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 è Two separate 
circuits $ Requires +12 and -12 
volts + Board only $4.50, with 
parts $7.00 


RS 232/TTL* 
INTERFACE 


Part no. 232 

e Converts TTL to RS-232, 
and converts RAS-232 to 
TTL © Two separate circuits 


| © Requires -12 and +12 volts 


e All connections go to a 10 pin gold plated edge 
connector ® Board only $4.50; with parts $7.00 
with connector add $2.00 


PO. Box 21638, San Jose, CA. USA 95151 


Mention part number and description. Far parts kils add "A" to part number, In USA, shipping paid for orders accompanied by check, money order, or 
Master Charge, BankAmericard, or VISA number, expiration date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% 


tor tax. Outside USA add 10% for air mail postage, no C.0.0.'s. Checks and money orders musi be payable in US dollars. Parts kits include sockets for all 


Circle 125 on inquiry card. 


ICs, components, and circuit board Documentation is included with all products, All items are in stock, and will be shipped the day order is received via 
first class mail. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked “Computer Parts” Dealer inquiries invited. 
24 Hour Order Line: (408) 226-4064 


® Circuits designed by John Bell 
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EVIE is 
available in 
nicroform 


PERA & ataa ELALLA dant Pate, W20 ? 
a TAI ANEE IS IRE" Tate » ni 26 } 


Please send me additional information. University Microfilms 
International 


Name «I North Zeeb Road 
t 

institution — > S red Arbor, MI 48106 
U.S.A. 


Street 

18 ye Row 
Cty — ee; Dept PA 
London, WC1 R4EJ 


State. ——— Le England 
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A “Smart” 


VIDEO BOARD 


KIT At A “Dumb” Price! 


A VIDEO BOARD + A MEMORY BOARD + AN I/O BOARD — ALL IN ONE! 


= STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR L.C. $ l 99 95 
= NUMBER OF I.C.s REDUCED BY 50% FOR HIGHER RELIABILITY = MASTER PIECE ° 
OF ENGINEERING = FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 


SPECIAL FEATURES: = Programmable no. of scan lines 
S-100 bus compatible a Underline blinking cursor 
Parallel keyboard port = Cursor controls: up, down, left, 
On board 4K screen memory right, home, carriage return 


(optional)* relocatable to main = Composite video 
computer memory *Min. 2K required for operation of this board. 
Text editing Capao (soft- DISPLAY FEATURES: 
pare opuonal) i a 128 displayable ASCII charact- 
Scrolling: up and down through ers (upper and lower case alpha- 
video memory numeric, controls) 
Blinking characters = 64 or 32 characters per line 
Reversed video (jumper selectable) 
Provision for on board ROM m 32 or 16 lines 

(jumper selectable) 
® Screen capacity 2048 or 512 
a Character generation: 

7x 11 dot matrix 


CRT and video controls fuy 
programmable (European TV) 


Hexadecimal. Octal. Decimal. 

Enter a number in base 8, 10, or 16. TI Programmer can 
uickly convert to either of the other bases. Rapidly ha 

arithmetic in all three bases giving you more time for im 

ant programming or troubleshooting tasks. 

ideal for use with any size computer. Ti Programmer us 

integer “two's complement” arithmetic in hexadecimal 


OPTIONS: 


2K Static Memory 
(with Sockets) 


4K Static Memory 
(with Sockets) 


Complete unit, assembled 
and tested with 
4K Memory 


Basic software on ROM . $20.00 
Text editor on ROM.... $75.00 


DEALER 
INQUIRIES WELCOMED 


ASCII KEYBOARD KIT $74.00 


Additional Improvements: Double Size Return Key 
Control Characters Molderd on Key Caps 


Power: +5V 275mA 


$ 44 95 : Upper and Lower Case OPTIONS: 


s Metal Enclosure Painted 


sacs DATA CHROM a a vap ten Blue and White $27.50 


Large. easy-to-read 8-digit liquid crystal display. Optional Serial Output 


Clock mode displays time, day, date, and AM/PM. Selectable Positve or 
Stopwatch mode displays hours, minutes, seconds and tenths Negative Strobe, and 
of seconds up to 9-59-59.9. S : be Pul Width 
Economical—you'll get typically 12 months normal operation ane a is 
on a single set of batteries. a 2 Key Roll-Over 
Attractive—comes in brown vinyl wallet folder with insert 
pockets for business cards. Makes a neat addition to your 
personal or business accessories. P.C. Board Size: 
24-hour alarm. 17-3/16" x §” 
Stopwatch records and displays lap and total elapsed times. 


3 


3 User DEfineable Keys 


a 18 Pin Edge Con. $ 2.00 
# LC. Sockets $ 4.00 
Serial Output Provision 
(Shift Register) $ 2.00 
« Upper Case Lock Switch for 
Capital Letters and Nos. $ 2.00 


Assembled (on Sockets) 
and Tested $90.00 


Up to one-tenth of a second accuracy. APPLE II 1/0 BOARD KIT 
SHIPPING: $3.50 Plugs Into Slot of Apple Ii Mother Board 
California residents add 6% sales tax —______ 18 Bit Parallel Output Port 1 free software listing for 


(E dable to 3 Ports) r 
ELECTRONICS WAREHOUSE Inc. f ippies STE Pao onlnaimeiitc 
1603 AVIATION BLVD. Der. 15mA Output Current Sink PRICE: 


TEL. (213) 376-8005 


WRITE FOR FREE CATALOG floppy discs, cassettes, 
Minimum Order: $10 s paper tapes, etc. 


ø REDONDO BEACH, CA. 90278 & or Source 
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Can be used for peripheral 
equipment such as printers, 1 Input and 3 Output 


l Input and 1 Output 
Port for $49.00 


Ports for $64.00 
Dealer Inquiries Invited 
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What’s New? | 


SOFTWARE 


COMPAS Reduces Prices on 6500 
Processor Cross Assemblers 


COMPAS has reduced the prices on 
all its cross assemblers for the 6500 pro- 
cessor family. The 6500 is built by MOS 
Technology, SYNERTEK and Rockwell, 
All cross assemblers are now priced at 
$600 which includes test programs and 
one year free support. Two versions of 
the cross assemblers are offered. 

The MiNmic 1165 cross assembler 
is avallable for any PDP-11 using the 
RT-11 operating system and was former- 
ly priced at $900. The MINmic cross 
assembler Is written in MACRO 11 for 
maximum speed and requires 5 K 
words memory. Normal distribution is 
on floppy disk or RKOS disk. This 
assembler may be used in conjunction 
with the CSL/65 cross compiler which 
alsa runs on any similar PDP-11. 

For further Information contact 
COMPAS, Computer Applications Corp, 
413 Kellogg, Ames IA 50010.8 
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Run Program at 0000 
with Your Poly 88 


Having trouble running software be- 
ginning at hexadecimal 0000 on your 
PolyMorphic Poly 88 computer, due to 
the on board system monitor? A new 
Super-Monitor is now available which 
permits the use of low off board pro- 
grammable memory for program storage. 
The Super-Moniter plugs Into the two 
remaining read only memory sockets 
on the Poly processor card and leaves 
the original monitor intact. The monitor 
features: dump, move, verify, erasable 
read only memory (EROM}, program- 
mer, fill, in, out, cassette save, cassette 
load, search, serial port driver, GOTO, 
memory modify and return to Poly 
monitor. It is avaltable as a set of two 
2708 erasable read only memories with 
complete documentation for $59 plus 
shipping from Computer Hobbies Un- 
limited, 9215 Midlothian Tpk, 
Richmond VA 23235,8 
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Apple Users Get Access to Dow Jones Information Service 


Apple Computer Inc has announced 
a new service to provide owners of its 
computers with stock portfolio infor- 
mation and other financial services. 

Using a telephone linkup, users of 
Apple Il computers will be able to dial 
Dow Jones’ Stock Quote Reporter 
Service for 15 minute delayed stock and 
bond quotations. This information along 
with software provided by Apple will 
enable the user to determine current 
portfolio value, short and long term 
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4 


gains, and rate of return, among other 
things. At a later date, Apple I! users will 
also be able to call up current news on 
companies in their user’s portfolio. 

The cost of the stock quote service 
includes a 1 time fee of $25 plus a usage 
charge of $3 for the first three minutes 
plus $.50 a minute thereafter for each 
usage session. 

Contact Apple Computer Inc, 10260 
Bandley Dr, Cupertino CA 95014.8 

Circts 5BE on inquiry card. 


Cromemco Trace System Simulator 


Trace is a system simulator program 
designed to facilitate assembly language 
program development on Cromemca 
computer systems. Trace emulates the 
behavior of a Z-80 processor as it follows 
the logtc of the user program. 

Virtually all aspects of system oper- 
ation can be simulated, including priori- 
tized interrupts and input/output (IO) 
commands. Trace options include 
control of register display and choice of 
display frequency. A historical record of 
program execution is maintained in a 
100 instruction circular queue. 

Features which locate errors quickly 
include: warnings if the user writes to 
unexpected areas, simulation of IO 
commands on the console, undefined 
calls to CDOS routines, improper return 
from subroutine calls, and execution 
of branch instructions or decimal adjust 
if the relevant flags are in an undefined 
State. 

The advanced features of Trace 
enable it to be used in place of logic 
analyzers or in-clrcuit emulators in 
program development. 

It is available on minifloppy (Mode! 
TSS-S) or floppy (Model TSS-L) IBM 
format disks for $95. For additional 
information contact Cromemco Inc, 
280 Bernardo Av, Mountain View CA 
94040,.m É 
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Software Packaged in North Star Format 


MicroAge has introduced new appli- 
cations software on minifloppy disk that 
is packaged in North Star format. Each 
of the programs is ready to run in any 
$-100 8080 or 2-80 computer system. 
They include: financial programs, math- 
ematical analysis programs, statistical 
programs and miscellaneous programs, 
volume 1 and 2 games, backorder pro- 
gram, mailing list, and North Star disk 
operating system for the Centronics 
printer. Priced at $35 each, they are 
available from MicroAge Mail Order, 
803 N Scottsdale Rd, Tempe AZ 
85281.8 
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Simulation Package for Minicomputers 


Mini-Dynamo is a simulation package 
designed for the PDP-11, NOVA, 
Eclipse, Varian and other minicom- 
puters. Mini-Dynamo offers standard 
Dynamo equation formats, easily speci- 
fied tabular and graphical output {with 
automatic or user specified scaling), 
automatic sorting of equations for 
correct computational order, ability 
to rerun the model without recom- 
piling, and a variety of options to 
tailor output to users’ needs (Dynamo 
is a continuous simulation language 
for large computers). 

The one time license fee is $2500, 
or $1000 for educationa! institutions. 
Mini-Dynamo can be licensed from 
Pugh-Roberts Associates Inc, 5 Lee St, 
Cambridge MA 02139.8 
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ITHACA AUDIO 


THE OEM MARKETPLACE 


Featuring a full 128 upper/lower case ASCII 
character set stored in a 1K buffer memory. 
Easy ta read 16line x 64 character format can 

isplayed on an inexpensive video moniter 
or a moditied TY set. Includes a TTY software 
driver, Add our powerful K 2 FDOS to create a 
versatile operator console. 


$25.00 


Disk 
Controller 
Board 


Controls up to 4 single or double sided drives. 
Data protect features include automatic 
disable of write-gate during power-down for 
data integrity. Supported by a reliable 
software package, K 2 FDOS and complete 
diagnostic documentation. 


$35.00 


Power full disk software in the DEC tradition. 
Includes Text Editor {TED}, File Package (PIP), 
Debuager (HOT). Assembler (ASMBL 

HEXBIN, 1 COP , System Generator YSGEN). 
Command syntax follows Digitals 05-8, AT/11 
format. First in a family ofh gh level software. 
Soon to ba released, FORTRAN & Pascal 
Compilers. 


$75.00 


© 1878 ITHACA AUDIO 


Mass Storage at 
Incomparable 
Prices. 


Ithaca Audio 
Floppy Disk 


e Up to 250K bytes, single sided 

s Up to 500K bytes, double sided 

æ Data protect 

è Powerful software operating 
system includes 8 utility 
programs, text editor. 


Field-proven 
reliable engineering 


Over 10,000 boards worldwide prove Ithaca 
Audio provides the quality and reliability you 
emand. 


Ithaca Audio Boards are fully S-100 
compatible, featuring gold edge connectors 
and pplated through oles. All boards (excapt 
the Protoboard) have fully buffered data and 
address lines, DIP switch addressing, solder 
mask and parts legend. 


2-80 CPU Board Most powerful 6 bit central 
processor available. eaturing power-on 
jump, provision for on-board 2708. Accepts ; , 
most software. $35.00 | Add the capacity of full size disk to your S-100 
_ microcomputer. Controller, Disk Drive, and 
BK Static RAM Board High speed static memory | Software available separately. 
at the lowest cost per bit. Includes memo 
protect/unprotect and selectable wait states.| Memorex single sided 


$25.00 | 550 Flexible Disk Drive $456. 
2708/2718 EPAOM Board Indispensable for stor- j 
ing dedicated programs and often used soft- Memorex double Sided $630. 
ware. Accepts up to 16K of 2709's or 32K of 
27163. Disk Controller Board $35. 


K2 FOOS Available on 8” 


Protoboard Universal wire-wrap board for de- floppy disk w. manual $75. 


veloping custom circuitry. Accepts any size 
et. 


DIP soc ` 
Quality Components 
ZILOG 2-80 $19.00 
ZILOG Z-B0A 23.00 
INTEL 2708 11.00 
FAIRCHILD 2102 LHPC 1.60 


FAIRCHILD 2102 LIPC 
IMSA! 8080 Kit with 22 Slot M.B. 


$560.00 


plus $10.00 shipping. 


RAM! 
32K for $359. 


Ithaca Audio is now stocking the Mostek 4115 NST 
add-on RAM for S.0.'s Expandoram. Buy their For technical assistance call or write to: 


HOW TO ORDER 


Send check or maney order, include $2.00 shipping per order 
N.Y.S. Residents include tax. 


basic board, 32K of RAM from us and 


AVE. 
§.D. SALES Expandoram board $199 ITHACA 
Ithaca Audio 32 4115's @ $5.00 ea. _ 160 AUDIO 


32K Only $359 >O. Box 91 


Hhaca, New York 14850 
Phone: 607/273-3271 
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SOFTWARE 


Graphics Software for 6800 Computers 
with a GT-61 Graphics Display 


BALANCE - TULY 


1 


i 


$10 zDIV. 


Graph #1 and Graph #2 are utility 
packages enabling use of the SwTPC 
GT-61 graphics display with a 6800 
computer. Graph # 1 is for use with a 
machine language, while Graph #2 is for 
use through SwTPC 8 K BASIC, version 
2. When using Graph #2 the user can 
program the GT-61 display directly from 
a BASIC program without any machine 
language programming. 

Both versions can display, as well as 
erase, points, lines and the complete 
upper case ASCII character set. There is 
additional capability for user defined 
characters. Applications for these 
packages include display of statistical 
data complete with legends, and games. 

Each package is priced at $5.50 for 
paper tape or $6.50 for Kansas City 
standard cassette. The package includes 
a 22 page instruction manual with 
sample programs and a full source listing 
of Graph. To .order, contact Applied 
Microcomputer Systems, POB 68, Silver 
Lake NH 03875.» 
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H) TEXAS INSTRUMENTS 


INCORPORAILO 


THERMAL | 
PRINTER | 


$49 955 


HANDLING CHARGE 


CP/M Available 
for Usersof 
Micropolis Disk System . 


Micropolis disk users can now join 
the software bus. Without any hardware 
changes CP/M can be run with all the 
features available to users of the system 
on standard floppy disks. CP/M on 
Micropolis (version 1.4) is available for 
$145. The following is also available 
for the CP/M user with Micropolis hard- 
ware: Microsoft FORTRAN-80, $400; 
Microsoft disk extended BASIC, $300; 
CBASIC compilerfinterpreter BASIC, 
$95; MAC macroassembler, $100; SID 
symbolic instruction debugger, $85; 
and BASIC-E  compiler/interpreter 
BASIC, $30. For more information 
about the above products write to 
Lifeboat Associates, 164 W 83rd St, 
New York NY 10024. m 
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Business Software Package 


A business software package has 
been announced by Aaron Associates, 
POB 1720A, Garden Grove CA 92640, 
The package includes a general ledger, 
accounts receivable, accounts payable 
and payroll package, inventory and 
manufacturing package, and a mailing 
list package, 

Required equipment for this package 
includes a line printer (Okidata 22 
preferred), terminal (Soroc IQ 120 
preferred), dual North Star disk drive 
system with North Star BASIC and 32 K 
bytes of memory. 

The package comes with ten named 
files, over 70 programs, a user's manual 
and workbook, and 200 pages of pro- 
gram listings. The price is $177.. 
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Scotch 
DISKETTES 


10 tor $41.00 
10 tor $63 00 


7400 E Smh Sector. one wie, 
Fa0/2-0 8 Sait Sector, two wee, 
740-52 B Hated Sector, one wde, 10 for 145 Ut 
14012-32 B Had Sector, [we tide, 10 tor fo6.00 
LAEE] B™ Salt Sestu, doute denuiy 1D for 143.00 


BASIC Business Software for 6800 
Computers 


Three new software programs for 
6800 systems using BASIC are now avail- 
able from the Stephen Moe Company, 
POB 595, Springfield OR 97477. The 
software is designed to run on the 
SwTPC processor with Smoke Signal, 
SwTPC or PerCom disks or cassettes. 

The inventory software provides a 
capacity of up to 1000 §80-character 
items per disk. Contents are item search, 
daily activity report, minimum quantity 
search, list by item, list by class, list 
by vendor, access a different file, update 
a file, and create a new file. 

The payroll software: tabulates pay- 
roll records, prints paychecks, lists 
employee records, summarizes employer 
tax records, creates new files, opens a 
different file and assembles end of year 
or quarter records. 

The billing program prints mailing 
labels, bills, overdue and aging notices, 
as well as providing reports for customer 
accounts receivable, sales and last 
purchase. It also has file handiing 
capabilities. 

All programs run in 16 K bytes. They 
are available on disk or cassette for $200 
each, m 
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Free PET Computer Services 


Two free PET services are available 
through the Microcomputer Resource 
Center Inc, 5150 Anton Dr, Room 212, 
Madison WI 53719. They include the 
PET Cassette Exchange, a program 
library whereby free exchange programs 
are available for the PET computer on 
cassette with no service charge. The 
Ultimate PET Resource Handbook is a 
continually updated listing of all hard- 
ware and software sources for the PET, 
For a free copy of this handbook send 
a self-addressed stamped envelope.= 
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Systems 


Is 


Dealing / 
ADM SA 


Terminal 


INCLUDED B” Maru Sew, double denuty 10t $50.00 
SH” Solt Sestoe, ane ude 10ta $44 OG 
$%" 10 Hole, ane vide 


S%" 16 Hole, one side 


1Otor $43 00 
10 tor $48.00 


ə 12 characters/line 


© 5x7 dot matrix 

© Alphanumeric capability 

© Weighs 6 ounces 

® Uses 2% inch thermal paper 


ORDERING IMFORMATION 
è Orders under $50 and COD’S add $2. 
è We accept Visa or Master Charge. 
ə California Residents add 6% sales tax. 


FOR THE BEST DEAL 
Calif 


Bd "Bremner SBrssens Enc 


TT A TREY te ANY Cie PC wl 


Send check. money order, or Master Charge or 
VISA number and expiration date to- 


BOOTSTRAP ENTERPRISES 
100 N. Central Expressway 
Richardson, Texas 75080 
(214) 238-9262 


DEALER INQUIRES INVITED 


(213) 768-67 72 1734) 798-4444 
1415)537 -7723 tapol 423-2440 


Rely on US 


CENTURY ELECTROMES 


4A? Anm ied Raul o FO Rna dIU y fees Caud Yori 
17a) YML JUSA 
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P.O. Box 4430X Santa Clara, CA 95054 
For will call onty: {408} 988-1640 


Same day shipment. First line 
2322 Walsh Ave 


parts only. Factory tested. 
Guaranteed money back. Qual- 
ity IC's and other components 
at factory prices. 


INTEGRATED CIRCUITS ELECTRONICS 


CLOCK MOCOULES Carpets nra Cats 


Wi © PO og Oe) drw ine 


Jti LMJOT-14 1⁄0 GDasit wO eia 2.0 vr op ee n 
1am Y MHO. 1.10 CS5 252 S214 po mat Ceta A] 
7402H 1 LAMH 1m «COMI nig G26 2.30 Rh Ls 
T4044 19 LTD 115 CSH 1.02 BRN 235 MANIA Cort Be 1.08 
TA 3 tare S0 coed? ik mat is a 
atan E CUON 10) CM: n RA 10.00 “SERS aiaa pankani 
7420H 17 (Lael 18 660495) 575 RS 412 amtése 241 
ma ‘gue 'S pia i ke mmwmer 
ha G Ùw et BIES BS rrr 
hay O WIN a uen EC 2% oma i ioe npe 02 
7440n D LM74ICH 3% H B wa y Soe typ: 025 | 350 pace cack 
74504 7 LAN 25 CIO 23 BSD {2.25 OOpernpe O15 $ pariy 6.75 
wa B iam gma ip Be tn mm 
7408H ea LIXIN & nmo 28 K EOCUTE $8 tay ASCII keyboard ti Tr 
me ue S ee OR eee Moia uO 
iin 155 Ge S ri D anann 
PSSN e  LM14s8 ‘a? 74093 1.40 fmm 
QUEST Cosmac Super Elf Computer $106.95 Puo So punon 9s dacia go na az go io Ghe Omo es 
Compara faalures batore you decide to buy any memory selact, monitor select and single step E a ua ee aed UB Tp d o Gita, Oates Yoon tar 25 
olher computer. There is no other compulercn Large, on board displays provide output and op- ait 2 ee ‘eet OT, SAATE Ee “J {Apra red, senber grean, yetow, ctw] 
Lhe markel today thal has all tha desirable bene- tional high and low address. There is a 44 pin IMAN w LMD 8 zca TS WIRE WRAP LEVEL AL EPECLALTIES ba ioti 
fits ol the Super Elt lor so litte money The Super standard connector tor PC cards and a 50 pin TASAN 1a UA D nee SO oo a eA ie 
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Auto Clock Kit $15.95 
DC chock with 4-.50" displays. Uses National 
Maé-1012 module with alarm option. includes 
light dimmer, crystal timebase PC boards. Fully 
reguiated, comp. instructs Add 53.95 tor beau- 
tilul dark gray case Besl value anywhere. 


RCA Cosmac VIP Kit 229.00 


Video compater wiih games and yraghics 


: —— . _ with full instructions DB25P ` 295 DEP 1.50 
Not a Cheap Ciock Kit $14.95 Opens shorted cels that waa! howd a charge 2.5 MHz Frequency Counter Kit | DB255 3.95 DESS 1.9% 
3 and than charges them up, all!!! one kil Wit f | Cover 1.50 2. 
Includes everything except case. 2-PC boards Aiit and ingttuchons. $7.25 Complete kit less case $37.50 | RS232 Complete Set 6.50 3 


6-.50" LED Displays 5314 clock chip trans- 
former, all components and full instrucs Green 


Digital Temperature Meter Kit 
indoor and outdoor, Switches back and forth. 
Beautiful. 50° LED readouts Nothing like it 
available. Needs no additional parts tor com- 
plete. full operation Will measure ~ 100° to 
+200°F, tenths of a degree, air or liquid, 
Very accurate. $39.95 
Beautiful woodgrain case wibezel $11.75 


PROM Eraser 


value ever! 


Sinclair 3% Digit Multimeter 
Batt AC oper. ImVand 1NA resolution. Resis- 
tance to 20 meg 1° accuracy. Smal, portabla, 
Completely assem incase. tyr. guarantee. Best 
$59.95 


Video Modulator Kit 
Convert your TV sel into a high quality monitor 
without affecting normal usage. Complete kit 


30 MHz Frequency Counter 


Kit 
Complete kit less case $47.75 


$8.95 


Stopwatch Kit $26.95 


Full six digit battery operated. 2-5 volts. 


3.2768 MHz crystal accuracy. Times to 59 
min.. 59 sec., 99 1/100 sec. Times std., split 
and Taylor. 7205 chip, all components minus 
case Full instructions. 


D Connectors RS232 


25 Pin Subminiatures 


S-100 Computer Boards — 


gine e also avail. Same a 4 Unvanioies. danarabiee Prescaler kit to 350 MHZ $19.35 8K Static RAM Kit $127.00 
a ll a, I an a : 1978 tC Update Master Manual 15K Static RAM Kit 265.00 
60 Hz Crystal Time Base Kit $4.40 Clock Calendar Kit $23.95 1978 iC Update Master Manual $19.50. Com- oo Stalic Ram EH 
Converts digital clocks irom AG kno hretency a CT7015 direct dnve chip displays date and plete 1C data selector. 2175 pg Master refer- = ng a Ae pe 
inh tee. Acne sg time on .6" LEDS with AM-PM indicator ence guide Over 42,000 cross relerences. AK Dynamic RAM Kit 945.00 
cryst: g accuracy. Ka in Alarm/doze feature includes buzzer. Complete Free update service through 1978. Domestic 8K/16K Eprom Kit (less PROMS) $89.00 
E. y tors. Ca- : : Video Interface Kit $139.00 

remy Fe beara IC. crystal. resis with all parts, power supply and instructions postage $3.50. Foreign $5.00. 1979 IC Update 
pig cliched WU less case available late Jan. $30.00. Motherboard $39. Extender Board $8.99 


TERMS: $5.00 min, order U.S. Funds. Caill residents add 6% tax. 
BankAmericard and Master Charge accepted. 


Shipping charges will be added on charge cards. 


Circle 311 on inquiry card. 


FREE: Sand tar your copy of pur 
QUEST CATALOG. Include 28g stamp 
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Unclassified Ads 


FOR SALE: TVC video board from Digital Group, 
$75. Heath 10-12 scope. $45. Super CT-1024 with 
monitor, $299. SwTPC PR40 printer, $195. 
4K memory boards for 6800, $69. 8K Seais 
memory for 6800, S169. Smoke Signal disc for 
6800, $639. Ail prices firm. Will consider trades. 
Stuart Brown, 1116B Easton Av, Somerset NJ 
08873, (201) 249-7972. 


FOR SALE: Boris Chess Computer, complete with 
board, pieces and instruction manual, Decision 
time for moves from 5 seconds to 99 hours. 
Plays Black/White. Standard algebraic chess nota- 
tian will display current position of pieces an 
raquest; with 2 minutes decision tims, beats 
micro-1.5 in 17 to 30 moves. Cost $300 new, 
will sell for $200. Rick Racine, 445 S 72nd Kansas 
City KS 66111. 


FOR SALE: Meca dual cassette and controller, 
digital systems dual & inch and controller, 2 each. 
16K TDL memory boards. Make offer. (714) 
770-7789, 


FOR SALE: New 32K Dynamic Digital Group 
memory, factory assembled, Discovered that my 
new software requires static. $675 (| pay postage). 
Frank Fitch, 2347 A Market Street, San Francisco 
CA 94114, (415) 543-6345 work or (415) 861- 
4881 home. 


TRE20 OWNERS: | am interested in surveying 
TRSBO users. Write Prof Bill Parks, Chase-203, 
State University College, 1300 Elmwood Av, 
Buffalo NY 14222. 


FOR SALE: Microprocessor computer program 
course and trainer computer, All built and in per- 
fect condition, 5275 shipping included. N Swan, 
4839 Beaune Ad, Ludington MI 49431, 


FOR SALE: Altair 6800, with 16 slot mother 
beard plus 16 edge connectors, cooling fan modifi- 
cation, 25tO-serial 10 with both ports, 38-F10 
parailel 10 board, 1 K static memory with 512 
bytes of memory, 12 K static memory, 4 K pro- 
grammable memory software board with 8080 
assambler, text aditor, system manitor, and all 
documentation. All assembled and tested $1000, 
you pay shipping. Don Cheeseman, 8231 Creek- 
line Dr, San Antonio TX 78251, (512) 681-4938. 


FOR SALE: DIGI-LOG Telecomputer H portable 
terminal with 5 inch monitor and carrying casa. 
ASCII code, built-in acoustic coupler, Suitable for 
timesharing computer applications. Will ship UPS, 
$1200, Gene Witherup, RD #4, Bloomsburg PA 
17815, (717) 784-5366. 


FOR SALE: (in Canada} IMSAI 8080 with 22 
slots, $1000. 32 K of TOL 250 ns memory, $1100. 
ADM3 display, only $1000. Telatype model 
40 3001 per minute printer, $2800. ICOM dual 
disk full size floppy, $2400. Prefer to sell system 
complete with interface cards, cables, FOOS3 
operating system, Assembler, BASIC (DEBBI), 
and editor, $8500. Ron Cox, 2208 Victoria 
Av, Windsor Ontario, CANADA, NBX 1ĦR1 
(519) 969-9692. 


NEW UNCLASSIFIED POLICY 


Aeaders who have equipment, software or other items 
to guy, sell of 1wap should send in a clearly ped norce 
to thar effec. To be considered for publication, an acdver- 
tspment must de clearly noncommercial, typed douwe 
spaced on plain white paper, cantan 75 words or jess, and 
incinge Complete Name and scdress in formaton. 

Thete notices are free of Charge and enli be punted ane 
tmp only on a space available bast Notasi can be ac- 
cepted fram indrerdualt or bona fide computer uteri ciuis 
odly, We cat engage in no correspondence of thala anit 
your confirmation of placement 1: appearance in an miur of 
aYTE 

Plesie note thatit may take three or four months far an 
a0 10 appear in the magatine. € 


January 1979 2 BYTE Publications Inc 


WANTED: Manual for Instant input Assembler- 
Version 1 (for 9900 Super Starter System by 
Technico). Will pay at laast original cost. William 
T Wilson, 203 Oxford St, Portland ME 04111. 


FOR SALE: Ramex highspeed punched paper 
tapa reader and spooler modei AR-101 D/R. 
Alsquires a parallel Intarface. Asking $50 and you 
pay shipping. Charles & Wall, At #3, Clarksville 
TN 37040, (615) 662-2198, 


FOA SALE OR TRADE: Technico Super Starter 
System, assembled anc working. Uses TMS 9900 
16 bit processor, Was 32 $0 fines, seria! port, 
2 programmable memory, programmable read 
only memory monitor/assambler, erasable raad 
only mamory programmer, atc. Includes power 
supply, $460. Also REMEX high-speed papertapa 
reader, $125. Trade for plotter or color monitor. 
Jim McCord, 330 Vereda Leyanda, Goleta CA 
93017, (805) 968-0681. 


FOR SALE: Szerlip “programmable memory 
setter,” erasable read only memory programmer 
for 5-100 bus computers. Programs 1702A, 2708 
erasable read only memories — can also program 
2716s. Assembled version, supplied with all cab- 
ling, documentation and software. Never used. 
Current list price $375, firs offer over $200 
accepted. Also, 16 INTEL 1702A erasable read 
only memories, $3 each, lor of 16 only. Edwin J 
Kresker, 46 Woodchif Ad, Newton MA 02161, 
(617) 527-6369. 


FOR SALE: For LSI-11, Heath H-11 owners. 
4K memory core — use as small disk, keep loader 
or BASIC resident in memory. Also 16K dual 
width Intel memory. $425 each, $700 for both. 
Ed Judge (443) 684-7159 anytime, 


FOR SALE: Cromemco 22-D Microcomputer, 
21 slots, blua table cabinet, 48 K programmable 
memory, one minifloppy, Dynabyte naked ter- 
minal, all 4 MHz compatible, with all cables in 
running condition with 12 inch monitor, U/C 
ASCII bps, 16 K BASIC, COGS, editor, atc, and 
games in BASIC, Vincent Pinto, Gate Hill Rd, 
Stony Point N'Y 40980, (914) 947-2740. 


FOR SALE: Cromemco A-D Converter, $180. 
Factory built, like naw, A Sob, 148 W77, New 
York NY 10024. 


FOA SALE: Complete Xitan system. Includes 
Z-processor: SMB 1;32 K of programmable memo- 
ry (two 2-165); TOL video display board; TDL 
12 K BASIC in read only memory and on cassette 
tape lrelocatablal; 16 K read oniy mamory board; 
intarfaca t board which provides I/O (standard 
EIA 25 pin connectors} for AS-232 and 20MA. All 
documentation and tapes necessary to operate 
system, Also Digital Group keyboard. Asking 
$2400. Terry Young, 4 Aiken St, Derry NH 03038. 


FOR SALE: New Slo-Syn Model MO91-FD-318 
200 steps par revolution stapping motors. Operate 
on 6.9 VDC. In original cartons with literature and 
switching order. Intended for servo mechanisms 
but con be usad for other things. $20. D C Suits, 
2619 Essax Rd, Ann Arbor M$ 48104, 


FOR SALE: TOL Xitan system: 2-80 2-processor 
board, 216 16K memory, and SMB interface 
board; 8K Godbout mamory; all standard TOL 
software {including 12 K Super BASIC) on cas- 
sette, Runs perfectly, Original cost over $1900, 
first certifiad check for $1300 takes it. Also 
MERLIN 5-100 graphics bosrd with 1 K read only 
memory monitor and 326 X 200 resolution, $300. 
Bert Katzung, 66 Knoll Rd, San Rafael CA 94901, 
(476) 456-5842. 


FOR SALE: PEATEC ICOM FOOS-II dual drive/ 
single density floppy disk drive with Intel inter- 
faca card. Almost naw—paid $3,900-—will take 


best offer recelvad one month after offer appears. 
Gary Miner, POB 1177, Santa Cruz CA 95081, 
(408) 429-1331. 


WANTED: January 1976 BYTE. Will buy or 
trade. Have October, November, Decamber 1976 
for trade or $1 each, Glenn Whitham, 9 Trinity PI 
Wayland MA 01778. 


FOR SALE: Heathkit H8 and H9, two cassatte 
recorders, fully assembled with BK of memory. 
Included in package ere Heath BASIC, assembler, 
aditor, and debug manuals. Selling for $1175, 
almost $200 less that original unassernbled kit 
price. Contact Jon Nareff, 366 Great Swamp Ad, 
Glastonbury CT (203) 633-2060. 


FOR SALE: Challenger 2 processor with BK 
polled keyboard and 540 video board, $650. 
Bruce Higer, 18 Woodland Or, Sands Pr NY 11050, 
(516) 883-9543. 


FOR SALE: For Selectric 10 731 series, 24/48 V 
power supply, data and power supply cables and 
Plugs, plus full documentation and software on 
interface to $-100 bus. First $50 takes it. Danial 
Eisenberg, 1507 Sharon Ra, Tallahassee FL 32303, 
(904) 385-4148. 


FOR SALE: Complete system. Altair 88000 with 
48 K programmabte memory, SOROC video ter- 
minal, two North Star disks, Diablo RO printer. All 
assembled and operating. Will sell ali or part. Many 
extras. Send S&AE for details and prices. G Briggs, 
6195 Deer Path, Manassas VA 22110. 


FOR SALE: L/N, Ti59, PC1O0A printer, 40 naw 
program cards, master library read only memory, 
static read only memory, static packettes, manuals. 
Reason for sale: data analysis for research project 
finished. First money order for $320 gats all, A 
Brandwein, 745 Fifth Av, New York NY 10022, 
(212) P15-6081. 


FOR SALE: Rockwell XPO-1 development system 
for PPS4/1 microprocessors with optianal as- 
semblers, power supply and 7  programmab!s 
memory. Never used. $450. G Hyman, 22 Cross 
Hilt Av, Yonkers NY 10703, (914) 476-2128. 


FOR SALE: Two National Multiplex 3M3-A digital 
cassotta recorders and 2510R interface/monitor 
board. Storage capacity per 2M data cartridge af 
up to 2 M bytes. Search capability up to 50 k. 
Will sell for best price over $350. B Wagman, POB 
$7091, Washington OC 20037. 


FOR SALE: Heath H11 computer {LSI-11 based} 
with 16 KB programmable memory, serial IO 
board, parallel! 1O board, H10 paper tape reader} 
punch, EIS/FIS extended instruction chip, docu- 
mantation, softwere, 100 percent assembled and 
tested. $1800 or best offer. Dave Morrill, 1260 
NW 17 Av #4, Rochester MN 55901, (507) 282- 
0758 evenings. 


FOR SALE: Complete set of BYTE magsrinas, 
volume 1, #1 through volume 3, # 8 [August 
1978). Excellent condition. Make offer. M A 
Richards, 1470 Hampton Glen Cr, Decatur GA 
30033. 


SCHOOL COMPUTER NEEDS HELP: In need of 
driver software, instructions or documentation far 
interfacing a Monroe cassette recorder with è 
Monroe 8080 for program storage. Also infor 
mation on mark sense card hookup. I'm naw to 
computing and need it for a school computer. 
Robert Geier, 48765 Countryside, Lyndhurst OH 
44124, 


FOR SALE: Heath H-9 video Terminal. Up and 
running, ell documentation, $425 and | pay 
shipping. Andy Thornburg, RR2, Thompson- 
ville IL 62890, (618) 627-2166. 


FOR SALE: DEC PDOP-8m, mint, with teletype in- 
terface, with 4 K core memory, $1100. With B K 
core memory $1800. B K MOS beard $475, Most 
peripherals and software available, repairs and cus- 
tom interfacing, systems cansulting, trades, 
PORTACOM, briefcase, impact, ASCII terminals 
complete with modems. Reconditioned with man- 
uals $595, New cost is $1500. New boxed ASR33, 
$1100. Used, $595. K2DCY, POB 632, W Cald- 
wall, Nd 07008. (201) 226-9185 evenings. 


SELLING 
KIT! 


USES 2708's! 


Thousands of personal and business systems around 
the world use this board with complete satisfaction. 
Puts 16K of software on line at ALL TIMES! Kit features 
a top quality soldermasked and silk-screened PC board 
and first run parts and sockets. All parts (except 2708's) 
are included. Any number of EPROM locations may be 
disabled to avoid any memory conflicts. Fully buffered 


and has WAIT STATE capabilities. 


OUR 450NS 2708'S 
ARE $8.95 EA. WITH 
PURCHASE OF KIT 


ASSEMBLED 
AND FULLY TESTED 
ADD $25 


16K STATIC RAM KIT-S 100 BUSS 


STATIC, AT 
DYNAMIC PRICES § 


WHY THE 2714 RAM CHIP? 

We lect ihe 2114 wll be ine next industry slangard 
RAM chp (hke the 21907 wasp This means pree 
avalabiny and quality will aM be good! Ment, the 
2114 0s FULLY STATIC! We leol (his is the ONLY 
way to g0 on the 5-100 Buss We've all heard tne 
HOAAOR stores abou! some Dyromc Ram 
Boards faving trouble wih DMA and FLOPPY 
OSC DRIVES Who needs Ibese kinds of 
problems? Ang finally even among oiher 4K 
Slane RAM $ the 2114 stands oul! Nod all 4K static 
Rams are ctealed equal! Some of the other 4K $ 
have clocked chip enable hnes and vangus timing 
windows [ual as crilical as Dynamee RAM Ss Some 
al our competitor's 16K boards use lhese tricky 

devces Bul nol us! The 211415 ine ONLY logical 
choee lo a trouble-lree straghtionward design 


KiT FEATURES 

1 Addtessable as ioui separate 4K Blocks 

2 ON BOARD BANK SELECT cneurtry 
{Cromemeco Standard’) Allows up tò 4t?K on 
line! 

3 Uses 2114 (450N5) 4K Slate Rams 

3 ON BOARD SELECTABLE WAIT STATES 

5 Doubie sided PC Board with soider mask ang 
sik screened layau! Gold plated contact hagers 
6 All address and data lines tully bultereg 

7 Kit mciudes ALL parts and sockets 

8 PHANTOM i5 jumperea fo PIN 67 

4 LOW POWER under 2 amps TYPICAL Iromine 
+8 Voh Buss 

10 Blank PC Bond can oe populated as any 
multiple of 4K 


BLANK PC BOARD WDATA—$33 


LOW PROFILE SOCKET SET—$12 
SUPPOAT IC'S & CAPS—$19.95 


ASSEMBLED & TESTED—ADD $30 
2114 RAMS—8 FOR $69.95 


NATIONAL SE 


AC AFM $1 Por 


ACBEMELEO! MOT A KIT! 
20 YERHIQAN 
nbd Patt Oe ae ie GA ah Aa 
ITN Ee e gent 


WMATOOOO — 13.95 


2-80 PROGRAMMING MANUAL 
By MOSTEK. or ZILOG. The most detailed explanation 
ever on the working of the 2-80 CPU CHIPS. Al least 
one full page on each ol the 158 2-80 instructions. A 


LOCK MODULE 


- 
Saron: 


. ‘foun ane INCH LtD OISPL AWE, 
zna PÈ Ag TME FOAMA 
R AL AAM SIGMA, Sarpur 

. Don Oy tu OPERAT 

© LEN BA Cee ESS Com TOL 

e PORFA SAA URE INDICATOR 

. WEEP t SKOUZF TIMERS 

e WAFCH LED DAHE L Ow Ati. 

© COMES wilm fun, SATA 


COMPARE AT UP TO TWICE 
OUR PRICE! 


TURER S FLOSEDUT' 


aw! 


PERFECT FOR USE 
WITH A TIMEBABE 


MOR ay 


MUST reference manual for any user of the 2-80. 300 


pages. Just off the press. 


$12.95 


Digital Research Corporation 


(OF TEXAS) 


~ P.O. BOX 401247Y GARLAND. TEXAS 75040 © (214) 271-2461 


Circte t00 on inquiry card. 


WESTERN DIGITAL UART 
TR1602A. PIN FOR PIN SUB FOR 
AY5-1013 AND TMS6011. 
FOR SERIAL 1/0 


8212 I/O CHIP 
8 BITS 8080 or 
SUPPORT CHIP 24 PIN 
CHIP NEW BYNEC 


SPECIAL: ‘275 EACH 


Use 21L02 
450 NS RAMS! 


Thousands of computer systems rely on this rugged, work 
horse, RAM board. Designed for error-free, NO HASSLE, 
systems use. 


KIT FEATURES: 


Blank PC Board w/Documantalion 
$29.95 
Low Protile Socket Set...13.50 
Support (C's ars & Reguialors) 
a.T. 


Doubled sided PC Board with solder 
mask and silk screen iayout. Gold 
plated contact fingers 

All sockets included. 


Fully buffered on all address and data 
lines Bypass CAP's Dise & Tanlalums} 


Phantom is jumper selectable to pin $4.50 


67 
l ASSEMBLED AND FULLY 
. FOUR 7805 regulat ded 
oneard © Ovalos are provide BURNED IN ADD $30 


16K STATIC RAM KIT 
SWTPC (SS-50) 6800 BUSS 


WHY PAY MORE 


USES 2114 FOR FINNICKY 


4K RAMS! 


At last an affordable static RAM board for this popular 
buss. Quality PC Board with solder mask and silk- 
screen. Fully buffered with plenty of bypassing for 
reliable operation. FOUR ON-BOARD REGULATORS. 


16K DYNAMIC RAM CHIP 


IGK X | Bis 16 Pin Package Same as Mostes 4116-4 250 NS access 410 


WITH 


COMPLETE KIT | DYNAMIC BOARDS? 


NOT ASSOCIATED 


WS cycle ime Our best price yel for this slate ol ihe art RAM 32% and bK [DIGITAL RESEARCH 


HAM boats using fr efip ae readily available These are new tilly 
Quaniclepd devices by a major mig VERY LIMITED STOCK! 


sons 2/08 EPROMS 


Now full speed! Prime new units from a major U.S. 
Mfg. 450 N.S. Access time. 1K x 8. Equiv. to 4-1702 


A's in one package. 
615.76-ea, 2995 


PRICE CUT 


OF CALIFORNIA, 


SALEI 
1N4149 DIODES. SILICON 
Same as 1N914, New, 
factory prime, Full Leads. 
1000 FOR $17.50 


New! AEAL TIME 
Computer Clock Chip 


N.S. MM5313. Features 


2 EACH BOTH 7 segment and 
BCD outputs. 28 Pin 


SURPLUS SPECIAL | ST ° "Se os with Date 


MOTOROLA 7805A VOLTAGE 
REGULATOR. Same as standard 7805 
except 750 MA output. TO-220. 5VDC 
output. 


44¢ each 


2-80 


or 10 for $3.95 


TERMS: Ada JOC postage we poy wanie Oidis unger $15 add 75¢ handing No 
COO We accept Visa MasierCharge and Amencan Express cards Tox Res add 
Sta Tax Forge anders (except Canada add 204 P & H 90 Day Money Back 
Cu aranies an all dems 
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THE SUPPLIEAS OF 
CPM SOFTWARE. 


Inquiry No. Page No. Inquiry No. Page No. inquiry No. Page No. Inquiry No. | Page No. 
2 Administrative Systems 188 120 Electronic Control Technology 148 279 National Multiplex 119 323 Semionics 16B 
d Advanced Access Group 162 125 Electronic Systems 215 268 National Software Marketing Inc 141 319 Michsel Shrayer Software 129 
3 AJA Software 153 130 Electronics Warehouse 217 * NCC '79 167 320 Shugart 5 
6 Amecon (Oly Litton Sys} 135 132 EMM/CMP 169 269 Namco 185 326 SoftSids 155 
Ə Apparat 137 138 ESCON 166 280 Netronics Research 161 321 Software 80 79 
7 AP Products 63 140 Forethought Products 138 281 New England Electronics 75, 123 335 SSM 49, 51 
B Atlas Electronics 160 150 Godbout Electronics 83 * New England Recruiter 185 340 Solid State Sales 199 
22 ATY Research 185 153 Graham Dorian Enterprises CHI 283 Newman Computer Exchange 207 343 Saroc Technolopy 17 
25 Atwood Enterprises 219 156 H&K Components 143 285 North Star Computer 7, 27 360 Southwest Technical Products Corp Cit 
30 Backian Enterprises 213 157 Hamilton Logic Systems 163 290 Ohio Scientific instruments 8, 9, 19, CIV 362 Stirling Bekdorf 103 
35 BITS Inc 98, 99, 107, 147 15B Henwood Enterprisas 209 293 Oliver Advanced Engineering 155 351 Structured Systems Group 6S 
36 Bootstrap Enterprises 220 170 Hobby World 195 289 On Line 209 353 Structured Systems Group 109 
32 Buss/Charies Fiote 181 172 HUH Electronics 148 291 Oregon Software 185 356 Summagraphics 43 
* BYTE Soaks, 45, 46, 47,48 179 Imegrand 145 284 Organic Software 209 354 Sunny International 109 
” BYTE Subscribers 157 184 international Data Sciences 142 292 Osborne & Associates 121 367 Syivanhills Lab 209 
* BYTE WATS Line 155 190 Ithaca Audio 219 * Owens Associates B2 365 Synchro Sound 93 
38 C& kK Components 34 * Ithaca Audio 69 294 Pacific Digital 137 358 Tano Corp 44 
39 California Digital 205 195 Jade Company 196, 197 296 Pacific Office Systems 198 360 Tarbell Electronics 59 
45 Central Date 115 197 JF Products 149 297 PAIA Electronics 140 370 Technical Systems Consultants 77 
47) Century Electronics 220 200 Jemeco Electronics 210, 211 288 PC Electronics 157 349 Tek Peripherals 185 
53 Computalker 143 * Larks Electronics & Data 163 301 Per Com Data 22, 23 377 Terminal Systems 220 
70 Computer Enterprises 149, 187 * Lifeboat Associates 159 302 Personal Software 95 379 3S Saies Inc 73, 206 
* Computer Factory 35 211 Manchester Equipment 97 303 Pet Shack Software House 163 348 Tiny C6 
74 Computer interface Technology 163 213 The Math Box 163 307 Pickles & Trout 139 346 Tora Systems Ltd 385 
72 Computer Lab of NJ 155 216 Measurement Systems & Controls 85 308 Potter's Programs 163 347 Touchstone Associates 145, 
76 Computer Mart of NH 163 220 Meca 134 306 Priority | 201, 202, 203 378 Trans Data 153 
* Computer Plys 109 217 Micro Computer World 209 305 Processor Technology 10, 11 362 Transition Enterprises 209 
71 Computronies 153 226 Micro Diversions 63 309 PRS 41 374 TransNet Corp 150 
73 The Computer Stop 163 222 Micro Mail 189 311 Quest Electronics 221 382 University Microfilms 216 
77 CT Micro Computer 70, 181, 187 221 Micro Mart 209 * Radio Shack 67 381 US Brokers Inc 209 
83 Contract Services Associates 157 223 ~Micromation Inc 21 304 Radio Shack Authorized Sales Ctr 185 383 US Robotics 142 
80 Cromemeo 1,2 201 Micro Mike's 151 313 Rank Peripherals 176 384 Vamp 71 
87 Cybernetic Micro Systems 187 224 Micro Pro International 25 322 RCA33 386 Verbatim Corp 52 
91 Data Discount Center 136 227 Micro Puzzles 185 314 Real Time Inteligenca 97 393 Vista Computer 117 
B1 Datafacs System Inc 153 229 Microsetie Co 185 317 George Risk Industries Inc 151 * Whales 88 
93 DataSearch 157 228 Microsol 37, 171 318 RNB Enterprises 105 394 Wintet 170 
89 Digital Pathways 144 226 Micro Source 55 310 Rochester Data Inc 209 395 Worldwide Electronics 163 
95 Digita! Research {CA} 125 202 Microtronics 113 328 Rothenberg Information System 164 400 Xitex 172 
100 Digits) Research (TX) 223 231 Micro Works 177 316 $-100 136 401 Xitex 173 
102 Digite) Research & Eng 150 230 Mikos 206 312 SC Digital 139 402 XL Computer Products 166 
110 Dynabyte 12, 13 2565 Morrow/Thinker Toys 31, 81 * Scelbi 29, 61 
117 Electra Analytic Systems 141 265 mpi 144 * Scelbi BYTE Primer 72 
116 €lactrolsbs 204 267 Mullen Computer Boards 140 * Scientific Research 39 


Reader Service 


To get further information on the products advertised in BYTE, fill out the reader service card with your name and address. Then circle 


the appropriate numbers for the advertisers you select from the list. Add a 15 cent stamp to the card, then drop it in the mail. Not only do 
you gain information, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger BYTE. 


*Correspond directly with Company 


60M6- 
BYTE's Ongoing Monitor Box | 


A Chess Blitz in the October BOMB 


The first three articles in the October 
BOMB were all chess related. The first prize - 


ee Po: RENAME or of $100 goes to Dan and Kathe Spracklen 
1 Ritter-Boney: A Microprocessor for the Revolution: The 6809 14 for their article “First Steps in Computer 
2 Ciarcia: Build a Computer Controlled Security System for Your Home 56 Chess Programming," page 86. The $50 
3 Sherertz: An Exposure to MUMPS 74 second prize goes to Peter W Frey and Larry 
4 Doyle: A Computerized Mailing List 84 R Atkin for “Creating a Chess Player: An 
5 Niemiac: Life Algorithms 90 Essay on Human and Computer Chess Skill,” 
& Halsema: The Digicast System 100 page 182. Placing third was “A Computer 
7 Roberts: Polyphony Made Easy 104 Chess Tutorial,” page 168, by Norman D 
8 Douglas: Grandmaster Walter Browne Versus Chess 4.6 110 Whaland, and “A Tiny Pascal Compiler, 
9 Maurer: An Introduction to BNF 116 p g” 34. by Kin-Man Chung and 
10 Frey-Atkin: Creating a Chess Player, Part 4 126 art 2, page i y a San 
11 Meinzer: IPS, An Unorthodox High Level Language 146 Herbert Yuen finished fourth. =: 
12 Hadley: GOTOlocks and the Three Sorts 174 Readers who wish to cast votes for their 
13 Forsythe: Elements of Statistical Computation 182 favorite articles in this month’s BYTE may 
14 Woodward: An Audible Logic Test Probe ; 186 use the BOMB card provided on the opposite 
15 Reid-Green: History of Computers: The IBM 704 190 page.@ 


224 january 1979 © BYTE Publications inc 


Drograms 
you can use in your DuyiIneyy... 
ready to go noo! 


Pga 


at 


| 


olini | 
anti 


Our programs will let you realize the full potential of your hardware. 


We developed these programs because we needed them 
in our businesses, and, try as we might, could not purchase 
them. They're on-line now, working for us and others around 
the country. 

As users ourselves we know the problems from your 
date — not just as a manufacturer of software. The 

ugs are out and they're ready now to go to work helping make 
your life easier, keeping you in better control of your business. 

Our first four program packages are: e Apartment 
Management e Cash Register è Inventory e Payroll 


Here’s a typical program 


To give you an idea of the thoroughness of these pro- 
grams, here’s a summary of what the inventory package does 
for you. Gives a detailed listing of items in inventory and 
itemizes all goods sold from inventory, including which sales 
person sold what, when it sold and for how much ... recaps on 
one sheet this same inventory activity information ... investi- 
gates and changes any information in inventory, on request... 
prints list of items to be re-ordered ... provides profit analysis 
comparing sales personnel and/or various products. And it 
can be inter-connected with our cash register package as well, 
for total program management. 

Each of our initial programs is conceived, proven and 
me with this same exacting thoroughness and attention to 

etail. 


We stay with you after the sale 


We're in this for the long haul and our support Cs é 


E Graham-Dorian Software Systems 


program is dedicated to that objective. Registered 
program owners receive: 


Master Charge and Visa cards accepted 
Circla 153 on inquiry card. 


e Periodic newsletters which include users’ ideas and 
information exchange, plus tips to owners on further increas- 
ing benefits of the package through updated operational flexi- 


bility. 
Zy Availability of software technicians to provide im- 
mediate answers to questions, via phone or mail. 

e Customer rewrites and adaptations available on re- 
quest, at added cost. 

CBASIC-2 free 

It takes the world's most powerful commercial basic to 
run our programs and we deliver it to you free. 

Each of our program ackages contains a disk with 
CBASIC-2 Compiler, CBASIC-2 Run Command and your 
Graham-Dorian software programs in INT and BAS file form. 
You also receive User's Manuals and Hard Copy Source List- 
ing. At a price which pays for itself! 

CBASIC-2 was developed and written by Software Sys- 
tems, the people who wrote CBASIC, and includes many 

owerful enhancements * All systems are compatible with any 

-80 or 8080 CP/M® system. They are deliverable in standard 
eight-inch disk — either double or single density — or mini- 
floppy disk. 

Give us a call or fill out the Reader Service Card in this 
issue. We promise a response within 24 hours of receipt. 
That's the kind of information service we expect, 
and know you do too. 


*CBASIC-2 may be purchased separately 
from Graham-Darian Soltware Systems for $89.95. 


A Division of Graham-Dorian Enterprises 
211 N. Broadway / Wichita, Ks. 67202 / {318} 265-8633 


Considering a Microcomputer? 


Be Sure to Check Out the Product Offerings of the World’s Largest 
Full Line Microcomputer Company. 


All Ohio Scientific machines come with microcomputing’s fastest full 
feature BASIC-in-ROM or on-Disk for instant use. 


Challenger | Series Ps a Price 
Economical computer systems that talk in BASIC. 
Ideal for hobbyists, students, education and the home. 
Superboard I| — World's first complete system on aboard 4K RAM $ 279 
including keyboard, video display, audio 
cassette, BASIC-in-ROM and up to 8K RAM 


Challenger IP — Fully packaged Superboard II with 4K RAM $ 349 
power supply 
Challenger IP Disk — Complete mini-floppy system 16K RAM = $1190 
expandable to 32K RAM sara Pozi perasepemetcemutey Born cy rng i 
Challenger IIP Series n | Se 
Ultra high performance BUS oriented microcomputers for se ee E a T T 
personal, educational, research and small business use. oe ee TEE E Aes 
C2-4P — The professional portable ` 4K RAM $ 598 i eeii 
C2-8P — The world's most expandable personal machine 4K RAM $ 799 Fearon ee nee 
for business or a ponies eaha Mah aS eae ett eA Ome SONG 
C2-4P Disk — The ultimate portable 16K RAM = $1464 
C2-8P Single Disk — Ideal for education, advanced 16K RAM $1738 
personal users, etc. 
C2-8P Dual Disk — Most cost effective small 32K RAM $2597 
business system 
Challenger II Serial Interface Series ogee 
Same great features as Challenger IIP Series for those who 
have serial terminals: small business, education, industry. 
C2-0—Great starter for users with a terminal 4K RAM $ 298 
C2-1 — Great timeshare user accessory; cuts costs 4K RAM $ 498 
by running simple BASIC programs locally 
C2-8S — Highly expandable serial machine, can 4K RAM $ 545 
add disks, etc. i 
Challenger lll The Ultimate in Small Computers NE, aiene nmn 
The unique three processor system for demanding business, E SEE” e aen 
education, research and industrial development applications. Ea ar te poe 
C3-S1 — World's most popular 8” floppy based 32K RAM $3590 Eppie enn bnc anina feae 
microcomputer dual floppys Sees Ee 
C3-OEM — Single package high volume user version 32K RAM $3590 e eee mre ies 
of C3-S1 dual floppys came nra t Bsa Ee 
C3-A — Rack mounted multi-user business system 48K RAM $5090 
directly expandabe to C3-B dual floppys 
C3-B — 74 million byte Winchester disk based system. 48K RAM $11,090 
World's most powerful mares dual upay TheC3-B 
OHIO SCIENTIFIC also offers you the broadest line of expansion RRL header 
accessories and the largest selection of affordable software! nicrocomputr systara 
Compare the closest Ohio Scientific Model to any other unit you are con- eo 
sidering. Compare the performance, real expansion ability, software and stangana rennes 
price, and you will see why we have become the world's largest full line Pepe tte 
microcomputer company. oe Leena emai 


ain Hee motita IGA e: oeyt 
a a a a | 


li'm interested in OSI Computers. Send me information on: 
O Personal Computers O Small Business Computers 
| O Educational Systems O Industrial Development Systems 


IO I'm enclosing $1.00 for your 64-page small computer buyer's guide. 
| Ohio residents add 4% tax. 


| j 
l l Eesaia 
TAr epar arin Liteeugnis 
IN m ‘egg catinaen uty maat hopes pemgualing The Tey keane mynis Scart Ae pe 
ame m Peele oped epub RCT PALE OR PORT anma ry Apenas Ca RT A Gok Cane 
————————————————— fren and fees PINA seowstprt Feeded mt ha AESI BALIOSA, Systars eteiNGOR Ee Hoejhe E 
tetentemtiog Unver meat: m te date Tien. he Shay aed tree COSE Bey chew ara 
| ow Np Pham ter prergrama art thee 
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iaca VN Z Bat 
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Circle 290 on inquiry card. 


